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ABSTRACT
Spatial heterogeneity and landscape fragmentation are common in terrestrial and 
aquatic environments, and the remnant patches are influential to faunal species diversity 
and richness. Seagrass beds are among the most conspicuous examples of patchy habitat 
in coastal marine ecosystems and the heterogeneity exists at various scales. On a 
landscape level, seagrass ecosystems can be considered mosaics of vegetation interspersed 
with bare substrate. At a smaller scale, the edges of seagrass habitats develop as a 
function of growing conditions, faunal intrusion, and disturbance events.
I examined the spatially and temporally variable influences of habitat fragmentation on 
epifaunal community composition in transplanted Zostera marina beds in two tributaries 
of Chesapeake Bay. The effects of plot size (4 m2, 100 m2, and 400 m2), position within 
plot (edge and interior), site (York, James 1, and James 2), and time (July, September, 
October, and November) on abundance, species composition, and richness of fish and 
decapods were investigated in the transplanted eelgrass plots. Shoot density and 
percentage cover in the plots were measured and found to be similar for site, plot size, and 
position in plot, thereby eliminating the potentially confounding covariation due to these 
plant characteristics.
Epifauna responded to habitat fragmentation in a complex, species-specific fashion. 
Shrimp, specifically Palaemonetes vulgaris, were most abundant in 4 m2 plots, while fish 
were found more in 100 m2 and 400 m2 plots. Due to high variability within replicate 
plots, no consistent edge effect could be discerned for any taxon. Surprisingly, species 
richness was not proportional to density and remained relatively constant across sites and 
plot sizes despite varying animal densities. Experimental plots had consistently more 
fauna than associated natural beds and the site farthest from existing natural beds (York) 
contained denser fauna than the two sites adjacent to existing natural eelgrass (James 1 
and 2). One explanation for this is that an oasis effect may be occurring, where dispersing 
individuals perceive the transplanted eelgrass plots farthest from existing natural beds as 
oases and exhibit enhanced settlement there. The lack of clear patterns in edge-interior 
comparisons for any species may reflect opposing forces that drive colonization of 
seagrass beds by mobile fauna and the highly species- and plot-specific relationships 
between fauna and habitat.
HABITAT FRAGMENTATION AND PATCHINESS IN TRANSPLANTED 
EELGRASS (ZOSTERA MARINA) BEDS: EFFECTS ON DECAPODS AND FISH
INTRODUCTION
Understanding the relationship between patches within a landscape and their faunal 
inhabitants is of increasing importance as habitats become more fragmented (Forman and 
Godron 1981, Morris 1991, Johnson et al. 1992, Marsh and Pearman 1997). Determining 
the role a particular patch plays as a refuge from predation, feeding ground, or corridor 
linking isolated habitats is critical in evaluating this structure-function relationship 
(Eggleston et al. 1998). Habitat fragmentation often determines the abundance and 
distribution of organisms (amphibians: Mann et al. 1991, freshwater fish: Olson et al.
1998) through reductions in total available habitat, changes in geometry (shape and size), 
or increased isolation of remnant patches. For many terrestrial species, movement 
between spatially isolated habitats is hindered or precluded without corridors that link 
patches (Rosenberg et al. 1997, Gonzalez et al. 1998). In aquatic systems, water currents 
can transport organisms and resources across great distances, and may eliminate spatial 
barriers in those species with waterborne stages (Saunders et al. 1991). While the effects 
of wind may add a passive component to typically active dispersal in terrestrial 
environments, proportionately more of the movement of organisms in aquatic systems is 
facilitated by the passive movement of water (Robbins and Bell 1994).
Spatial heterogeneity, created by increased scattering of landscape elements, provides
2
3substantial edge space in a habitat. An edge is the junction of two different elements of a 
landscape (Forman and Godron 1986, Bretschko 1995), and may be either a clear 
boundary or an ecotone (transition zone) where differing plant and animal communities 
merge (Yahner 1988). Basic principles of energy, material, and species dynamics apply to 
both ecotones and non-edge portions of ecosystems, though ecotones are fundamentally 
unstable because of discontinuities in the interactions of ecosystem components and 
variability of flow to the ecotone (Bretschko 1995).
Ecological processes such as predation, parasitism, and competition sometimes differ 
between edges and interiors of patches and may result in different animal abundances, 
species richness, or diversity at edges and interiors (Leopold 1933, Janzen 1983, Temple 
1987, Sheridan et al. 1997, Weaver et al. 1997). In addition to horizontal spatial 
heterogeneity, vertical complexity at the edge interface and magnitude of edge (width and 
length) contribute to the overall edge effect (Bell and Hicks 1991). This effect may be 
manifest as dissimilar abundances of individuals or different species diversities at edges 
compared with interiors (Roth 1976).
In many cases, edge effects enhance faunal communities. The checkerboard layout of 
small forests of varying cover type and age in a ruffed grouse management area resulted in 
increased bird diversity over that in an uncut control region (Yahner 1984). Growth rates 
of bluegill and largemouth bass were higher in lakes where channels were cut into 
submersed macrophyte beds compared to unmanipulated lakes (Olson et al. 1998).
The effect of increased species diversity and animal abundances at edges is not 
observed universally, however. Habitat fragmentation can also have negative effects on
4species richness and abundance (Rosenberg et al. 1997, Zabel and Tscharntke 1998), 
especially when disturbance removes a portion of the surrounding vegetation and leaves 
remnant patches juxtaposed with the surrounding matrix (Saunders et al. 1991). 
Fragmented habitats may not provide suitable protection from predation for some species 
such that patchiness may promote a less-diverse community (Robbins et al. 1989). For 
example, varying canopy cover of forests adjacent to cultivated land changes the local 
microhabitat and microclimate, limiting amphibian distribution (Demaynadier and Hunter
1998).
Habitat heterogeneity and patchiness are common in marine ecosystems (Barange
1994), particularly in shallow habitats (Sousa 1985, Svane and Ompi 1993) including 
seagrass meadows, marshes, and oyster reefs (Homziak et al. 1982, Orth and van 
Montfrans 1987, Edgar 1990, Ferrell and Bell 1991, Sogard and Able 1991, Svane and 
Ompi 1993, Irlandi 1997, Eggleston et al. 1998). In seagrass beds, spatial heterogeneity 
exists at various spatial scales, making these coastal environments prime ecosystems for 
investigating the effects of habitat fragmentation on animal community composition. On a 
broad, regional level, seagrass meadows may appear to be contiguous habitat, functioning 
as a collective entity, and experiencing the same hydrodynamic and bio geo graphical 
conditions. From the landscape perspective, though, seagrass beds are composed of 
patches of different sizes establishing a mosaic of vegetation interspersed with bare 
substrate. These distinct, individual patches develop as a function of environmental 
conditions, faunal utilization (Townsend and Fonseca 1998, and references therein), and 
disturbance factors (Pickett and White 1985). At an even smaller scale, shoot density
5varies within a patch and may be different for patches within the same bed despite their 
exposure to similar environmental conditions (Bell and Westoby 1986a, Schulman 1996).
Seagrass growth and coverage depend on many physical and biological factors that 
create a patchwork of vegetated and unvegetated regions. Both natural (disease, storms, 
animal intrusion) and anthropogenic (pollution, boat propellers) disturbances determine 
the degree of fragmentation of a seagrass bed. The consequence of disturbance is habitat 
heterogeneity and the patchy distribution of organisms (Sousa 1985). Pervasive 
disturbance in a landscape creates many small patches and proportionately greater edge 
than interior. A bed with more edge than interior space may result in greater supply of 
resources to the patch (Polis and Hurd 1996) and high patch encounter rates by dispersing 
individuals, including predators (Forman and Godron 1981, Smith and Brumsickle 1989). 
Further, patchy seagrass beds encompassing unvegetated bottom may provide unique 
refuges for epifauna that can forage in the bare areas adjacent to protective vegetation 
(Heck and Orth 1980, Gore et al. 1981, Sogard 1989, Sheridan et al. 1997). Therefore, 
habitats with greater edge per unit area may support a higher density of mobile 
macrofauna than more homogeneous areas. For instance, pinlish and spot were more 
abundant at the edge than interior of natural seagrass meadows (Fonseca et al. 1990). In 
contrast, other species such as penaeid, palaemonid, and hippolytid shrimp were more 
numerous in the interior of the same eelgrass beds (Fonseca et al. 1990). Habitat edges 
experience different types and intensities of biological and physical processes than interiors 
(Alverson et al. 1988, Saunders et al. 1991), such that the abundances and diversity of 
species may be reduced or enhanced depending upon species-specific responses to biotic
6and environmental forces (Yahner 1988, Weaver et al. 1997).
Habitat fragmentation and patchiness have received a fair amount of attention in the 
last two decades (Lovejoy and Oren 1981, McLaughlin et al. 1983, Fonseca et al. 1987, 
Harris 1988, Temple and Cary 1988, Yahner 1988, Lawton 1993, Hobbs and Norton 
1996). This work is primarily terrestrially-based, however, and leaves a general lack of 
knowledge of the effects of fragmentation in marine ecosystems. Specifically, in 
temperate seagrass beds, mobile macrofauna, such as crabs, shrimp, and fish, comprise 
numerically and ecologically significant elements of the habitat (Stoner 1980, Virnstein et 
al. 1984, Heck and Crowder 1991), but the impacts of seagrass patchiness on their 
abundance and distribution is poorly understood (Eggleston et al. 1998, Eggleston et al.
1999). More recently, investigations into crab and shrimp responses to artificial seagrass 
patchiness on small spatial and temporal scales have prompted the need for a larger, 
landscape-scale examination of habitat fragmentation in natural seagrass systems, over an 
extended period of time (Eggleston et al. 1998).
The main objective of this study was to elucidate the influence of eelgrass (Zostera 
marina) habitat fragmentation in structuring the resident decapod crustacean and fish 
communities by addressing the following questions: (1) does plot size affect densities of 
motile seagrass epifauna? and 2) does the distribution of these epifauna reinforce an edge- 
effect hypothesis? Also, the relative effects of spatial and temporal variability were 
incorporated into the objectives due to their pervasive influence on the abundance and 
distribution of marine organisms by considering: (3) Is there variation in faunal 
communities at sites within a river system and at sites in different river systems? (4) How
7does the faunal composition of experimental patches compare with those of similar natural 
beds? (5) Does proximity to natural beds affect densities of decapods and fish in the 
planted patches?
MATERIALS AND METHODS
Study sites
Experiments were conducted at three sites located in two tributaries of Chesapeake 
Bay, USA. One site (YR: 37°13’ N 76°28’ W, Fig. 1) is on the southern shore of the York 
River. Despite being unvegetated at present, this area historically supported eelgrass until 
1972 and is approximately 5 km upstream from substantial beds at the mouth of the river. 
The two sites (JR 1: 37°01’N 76°2L W and JR 2: 37°01’N 76°19’W, Fig. 1) in the James 
River are located along the north shore near the mouth, approximately 1 km on either side 
of the only existing eelgrass bed in the James River. Although both sites were vegetated 
prior to 1972, they were unvegetated at the initiation of this experiment except for 
scattered, small (1-2 m2) patches of naturally-established eelgrass. Existing natural beds at 
the mouth of the York River at Goodwin Islands (GI: 37°12’N 76°23’W, Fig. 1) and 
between the two sites in the James River at Hampton Creek (HC: 37°01’N 76°20’W, Fig. 
1) were sampled for comparison to the experimental sites.
Eelgrass in this region exhibits a bi-modal seasonal growth pattern with peak standing 
crop in May and June, a rapid defoliation later in summer, and a second, smaller peak in 
standing crop in autumn (Orth and Moore 1986). Water depth at all three sites ranged 
from 0.5 - 1.5 m at low tide to 1.5 - 2.5 m at high tide. Over the five months of sampling, 
mean water temperature ranged from 15 to 26° C and mean salinity fluctuated from 17 to
9Fig. 1. Study sites in York River (YR) and James River (JR1 downriver, JR2 upriver) 
and corresponding natural beds at Goodwin Islands (GI) and Hampton Creek (HC).
Figure 1. Study sites. 10
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23. Sediments in the region are primarily mud and sand with much broken shell in the 
upper surface layer at the upstream James River site (pers. obs.).
Field observations were conducted in Zostera marina beds planted in the autumn of
1996. Transplanting proceeded by inserting single eelgrass shoots into the substrate at 15 
cm intervals (Orth, R. J. et al. in press) in alternating 4 m2 (2 m x 2 m) vegetated and 
unvegetated patches forming a checkerboard plot (Fig. 2). Here, and throughout this 
paper, the term plot is defined as a 4 m2, 100 m2, or 400 m2 area of eelgrass that, in the 
case of the 100 m2 and 400 m2 plots, consists of the alternating 4 m2 planting units, called 
patches. This design simulates the composition of typical fragmented natural seagrass 
beds where areas of unvegetated substrate are common.
Experimental design
The influence of seagrass patch characteristics on faunal colonization and utilization 
was tested in transplanted plots of three sizes. For each sampling date, I assessed the 
independent and interactive effects of site, plot size, and position within plot on decapod 
crustacean and fish densities with a split-plot design. Replicated experimental plots were 
independent subjects; site and plot size were between-subjects factors; and, position within 
plot was the within-subjects factor (Table 1). Each experimental plot differed in size, 
though the individual, sampled patches were equivalent in area (4 m2).
The effects of habitat fragmentation on resident faunal communities can be assessed 
quantitatively by contrasting densities of organisms in habitats of different sizes (Hart and 
Horwitz 1991, Eggleston et al. 1998). I determined the effects of site (York, James
12
Fig. 2. Arrangement of vegetated (shaded) and unvegetated (unshaded) quadrats 
constituting three plot sizes (4 m2, 100 m2, and 400 m2). Medium and large plots are sub­
divided into edge (hatched) and interior (black) areas.
Figure 2. Experimental plots. 13
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Ta b l e  1. Split-plot experimental design. Between-subjects factors are site and plot size, 
and within-subjects factor is position within plot. Listed are number of sub-samples 
taken in each plot.
Table 1. Split-plot experimental design. 15
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River), plot size (4 m2, 100 m2, 400 m2), and position within plot (edge, interior) on 
densities of motile macrofauna (Fig. 2).
Each study site contained three replicates of the 4 m2, 100 m2, and 400 m2 plots 
randomly ordered in a line parallel to shore at a depth of 1 m at mean low water (Fig. 2). 
Previous efforts to quantify faunal colonization and abundance in transplanted and 
artificial seagrass beds left small buffer zones (3 m: Fonseca et al. 1990, 7.5 m: Eggleston 
et al. 1998) between treatments for statistical purposes. Likewise, in this study, replicates 
were separated by 10 m to minimize disturbance during sampling and to maintain 
statistical independence. The effectiveness of this buffer in isolating the plots relative to 
animal movement and, therefore, achieving biological independence, is uncertain and will 
be discussed later.
Epifaunal sampling procedure 
I used a suction pump (Orth and van Montfrans 1987) designed to sample epibenthic 
and pelagic fauna including shallower-burrowing individuals such as some crabs and 
flounder, but excluding deeper infauna. These resident motile epifauna were collected 
within a weighted 0.33 m2 metal cylinder in July, September, October, and November
1997. I chose the apparatus to collect the consistent, repetitive samples that are required 
when working in these temporally and spatially variable seagrass systems (Gore et al. 
1981). Collections were conducted in mid-summer and autumn to coincide with semilunar 
pulses of blue crab recruitment occurring after new and full moons (van Montfrans et al. 
1990, van Montfrans et al. 1995). Around low tide, the cylinder was placed haphazardly
17
in randomly-selected vegetated patches ensuring that a tight seal was formed around the 
bottom. The top edge was equipped with 0.5 mm mesh that extended approximately 1 m 
above the cylinder and was buoyed by eight small floats. These floats kept the mesh 
upright in the water column and prevented escape of enclosed organisms. Once the 
cylinder was in place, the suction head was inserted into the top of the apparatus and the 
bottom enclosed by the cylinder was suctioned. Sampling continued for two minutes (see 
section on gear efficiency), at which point collection bags were sealed, returned to the 
laboratory, and frozen. In the lab, decapod crustaceans and fish were enumerated, 
identified to lowest possible taxon, and preserved in 90% ethyl alcohol. Body size 
measurements for all blue crabs (carapace width [CW]: distance between posterior lateral 
spines) and fish (standard length [SL]) were made to the nearest millimeter. Blue crabs 
>15 mm CW were measured with dial calipers and those <15 mm CW were measured to 
the nearest 0.1 mm using a dissecting microscope fitted with an ocular micrometer.
Plant characteristics 
Eelgrass shoot density and percentage cover were assessed in summer and autumn 
1997 for each experimental plot to evaluate the relationship between faunal density and 
plant characteristics. These two plant growth characteristics were analyzed as covariates 
in all statistical analyses. The eelgrass transplant procedure was identical in each plot at all 
three sites and ensured a constant initial number and even spacing of the shoots per patch. 
This designed control of shoot density and eelgrass areal coverage allowed manipulation 
of plot size without the usual confounding by these seagrass characteristics (Irlandi et al.
18
1995).
The first plant measurement determined seagrass percentage cover, similar to Braun- 
Blanquet terrestrial crown cover estimates (sensu Causton 1988). A 2 m x 2 m PVC 
frame subdivided into cells was placed over randomly chosen vegetated patches in each 
plot. Percentage cover was estimated from each cell adherent to a classification template 
that grouped the coverage into one of 12 categories ranging from zero to 100%. 
Vegetative shoot densities were quantified using a 0.15 m2 ring that was haphazardly 
tossed onto the patch three separate times. For each toss, the ring was adjusted so that its 
center was in line with the planted row and not in a bare spot, and the number of shoots 
was recorded. Shoot densities, when used in conjunction with percentage cover data, 
yield an estimate of the number of shoots in each patch as a measure of vegetative growth. 
Shoot density and percentage cover measurements taken in June 1997 were applied to 
July animal densities and those measurements taken in September and October 1997 were 
used for the latter three sampling periods.
Gear efficiency study 
Suction sampling efficiency was addressed by placing the sampling ring in a natural 
seagrass bed and manipulating organism densities and suction time (Table 2). To test the 
method’s efficiency over three faunal densities, specimens of crab (Callinectes sapidus, 
mean CW 11 mm), shrimp (Crangon septemspinosa), and fish (Syngnathus fuscus), were 
marked with permanent ink and released into the cylinder. These organisms were allowed 
to acclimate within the sampling ring for 20 minutes, then were collected for three suction
19
TABLE 2. Faunal collection efficiency of suction sampling method over three time
intervals (2, 2.5, 3 min.) for three common species at varying organism densities (lx, 
2x, and 4x, where x is pilot study density). C. sapidus (2, 4, 8 individuals), S. fuscus 
(2, 4, 8), and C. septemspinosa (4, 8, 16) were tested (N=4).
____________Animal Density________
Suction Time Interval lx  2x 4x
2.0 minutes 
2.5 minutes
3.0 minutes
94% 91% 89%
94% 91% 90%
94% 91% 90%
20
time periods (2, 2.5, 3 minutes). After each period elapsed, the collection bag was sealed, 
including only the individuals trapped during that discrete interval. At lx  organism density 
(that of pilot study data), 94% of animals were caught within the first two minutes of 
sampling (Table 2). The percentage caught was slightly lower for 2x and 4x densities, but 
the overall efficiency for all densities remained above 91%, and efficiency did not differ 
between blue crabs, fish, and shrimp (ANOVA; p=0.820). Only one tagged organism was 
found in the 2.5 minute period, and no additional animals were found in the three minute 
period; thus asymptotic efficiency was achieved by suctioning for two minutes.
Statistical analyses
Precision analyses of preliminary data revealed the precision of within-plot (i.e., patch) 
variation was maximal and consistent when four or more patches were sampled from the 
edge and interior of each plot (Fig. 3). These sub-samples were averaged and a mean 
edge and interior density for each replicate plot served as the response variable. I tested 
homogeneity of variances using Cochran’s C-test (Zar 1996); when variances were 
heteroscedastic, data were log-transformed. Because of their high abundance or 
ecological importance, the following species were analyzed with a split-plot ANOVA: blue 
crab (Callinect.es sapidus), hermit crab {Pagurus longicarpus), spider crab (.Libinia 
dubia), mud crabs collectively (.Neopanope sayi, Rhithropanopeus harrisii, Panopeus 
herbstii, Hexapanopeus angustifrons, and Eurypanopeus depressus), grass shrimp 
(Hippolyte pleuracanthus), sand shrimp (Crangon septemspinosa), grass shrimp 
(Palaemonetes vulgaris), and all fishes collectively.
21
FIG. 3. Precision of variances from pilot study indicating that precision converged 
when four sub-samples were taken from each medium and large plot.
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Additionally, blue crab size was analyzed as a dependent variable to compare pre­
recruitment (July) with recruitment (September, October, and November) juvenile size 
patterns. Decapod, fish, and total species richness and total combined densities were also 
analyzed. When analyses produced significant results, differences between means were 
tested with the Student-Newman-Keuls (SNK) multiple comparison procedure (for factors 
with >2 treatment levels; Sokal and Rohlf 1996, Underwood 1997). When there were 
non-significant differences between edge and interior, edge and interior data were pooled 
and three-way ANOVA with date, site, and size as factors were performed.
Collections were made on the same plots on all four dates, but the actual random 
patches from which samples were taken changed with each date, removing a correlation 
between patches across the monthly sampling periods. A few days to a week is 
considered ample time for animals to re-colonize seagrass beds after denuding (Virnstein 
and Curran 1986, Sogard 1989, Eggleston et al. 1998), thus, carryover effects were 
avoided and samples were compared with respect to date to test for temporal effects.
Since different, randomly-selected patches were sampled each time period, time was 
treated as a fixed, crossed factor in the three-way design.
24
RESULTS
Species composition and floral characteristics 
A total of 9,713 specimens of decapods and fish was collected, representing 19 
families, 29 genera, and over 31 species in transplanted (Table 3) and natural (Table 4) 
eelgrass. Sixteen species were relatively common in the assemblage (Fig. 4), accounting 
for 99% of all individuals. The fauna consisted primarily of caridean shrimp, crabs 
(portunids, pagurids, and xanthids), and small fish (syngnathids and gobiids). Grass 
shrimp, primarily Palaemonetes vulgaris, were abundant in all sampling periods, whereas 
Hippolyte pleuracanthus, the most abundant species overall, was only present in October 
and November, consistent with described patterns (Marsh 1973, Sogard and Able 1991). 
Zostera shoot density and percentage cover did not differ between sites, plot sizes, or 
positions within plot (Table 5, Fig. 5).
One consistency in these results was the species-specific nature of organism responses 
to habitat fragmentation in the transplanted eelgrass plots. This variability lead to a lack of 
clear patterns within animal functional groups for sites, plot sizes, and positions within 
plot. The effect of position within plot on animal densities was uncommon and usually 
accompanied by an interaction effect, while the other two factors were highly influential 
for particular species. Thus, the edge effects will be discussed in the broad sense and 
faunal responses to plot size and site will be organized by species or groups of species.
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T ab le  3. Total number, relative abundance, and density of decapod crustaceans and fish 
in transplanted Z. marina beds.
Total % Relative
Species Common Name Rank number abundai
1 Hippolyte pleuracanthus Grass shrimp 1 2172 23.6
2 Callinectes sapidus Blue crab 2 2063 22.4
3 Crangon septemspinosa Sand shrimp 3 1855 20.2
4 Palaemonetes vulgaris Grass shrimp 4 1572 17.1
5 Pagurus longicarpus Hermit crab 5 460 4.9
6 Neopanope sayi Say’s mud crab 6 180 1.9
7 Libinia dubia Southern spider crab 7 166 1.8
8 Rhithropanopeus harrisii Harris’ mud crab 8 152 1.6
9 Syngnathus fuscus Northern pipefish 8 152 1.6
10 Panopeus herbstii Common mud crab 10 132 1.4
11 Gobiosoma bosci Naked goby 11 100 1.1
12 Gobiesox strumosus Skilletfish 12 51 0.5
13 Syngnathus floridae Dusky pipefish 13 24 0.2
14 Eurypanopeus depressus Depressed mud crab 14 20 0.2
15 Penaeus duorarum Pink shrimp 15 19 0.2
16 Symphurus plagiusa Blackcheek tonguefish 15 19 0.2
17 Hypsoblennius hentzi Feather blenny 17 8 0.1
18 Bairdiella chrysura Silver perch 18 7 0.1
19 Hippocampus erectus Lined seahorse 19 6 0.1
20 Pseudopleuronectes americanus Winter flounder 19 6 0.1
21 Hexapanopeus angustifrons Narrow mud crab 21 5 <0.1
22 Fundulus heteroclitus Mummichog 22 4 <0.1
23 Gobisoma ginsburgi Seaboard goby 22 4 <0.1
24 Paralichthys dentatus Summer flounder 22 4 <0.1
25 Ammodytes americanus American sand lance 25 3 <0.1
26 Anchoviella mitchilli Bay anchovy 25 3 <0.1
27 Cynoscion regalis Grey trout 25 3 <0.1
28 Micropogon undulatis American croaker 25 3 <0.1
29 Chasmodes bosquianus Striped blenny 29 2 <0.1
30 Menticirrhus saxatilis Northern kingfish 29 2 <0.1
31 Microgobius thalassinus Green goby 29 2 <0.1
Total 9197
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T a b l e  4. Total number, relative abundance, and density of decapod crustaceans and fish 
in natural Z. marina beds located in York and James Rivers (see Figure 1).
Total % Relative
Species Common Name Rank Number abunda
1 Hippolyte pleuracanthus Grass shrimp 1 145 28.7
2 Palaemonetes vulgaris Grass shrimp 2 108 21.3
3 Crangon septemspinosa Sand shrimp 3 102 20.2
4 Callinectes sapidus Blue crab 4 99 19.6
5 Pagurus longicarpus Hermit crab 5 15 3.0
6 Syngnathus fuscus Northern pipefish 6 11 2.2
7 Rhithropanopeus harrisii Harris’ mud crab 7 6 1.2
8 Gobiesox strumosus Skilletfish 8 5 1.0
9 Gobiosoma bosci Naked goby 8 5 1.0
10 Neopanope sayi Say’s mud crab 10 4 0.8
11 Panopeus herbstii Common mud crab 11 2 0.4
12 Syngnathus floridae Dusky pipefish 11 2 0.4
13 Bairdiella chrysura Silver perch 13 1 0.2
14 Libinia dubia Southern spider crab 13 1 0.2
Total 506
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FIG. 4. Dominance-diversity curve for number of individuals per species collected 
over the four sampling periods.
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Figure 4. Dominance-diversity. 28
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Ta b l e  5. Plant characteristics ANOVA.
Source of 
variation df
Shoot density Percentage cover
MS F MS F
Site 2 1128.1 0.33 6.97 0.25
Plot size 2 5399.4 1.56 8.24 0.29
Position in plot 1 4722.2 1.36 0.06 0.00
Site x plot size 4 3483.1 1.01 2.76 0.10
Site x position 2 891.2 0.26 13.90 0.49
Size x position 2 1646.5 0.48 5.29 0.19
Site x size x position 4 1485.8 0.43 29.65 1.06
Error 36 3460.8 28.10
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Fig. 5. Mean eelgrass shoot densities and percentage covers (+1 SE) for A) York 
River, James River 1, and James River 2 sites, B) 4 m2, 100 m2, and 400 m2 plots, and C) 
edges and interiors of plots.
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Figure 5. Plant characteristics.
York James 1 James 2 
Site
1200
1000
600
400
200
0
u
>©©
©
191)C8
S©
©
©
50
40
30
20
10
0
York James 1 James 2
Site
Small Medium Large 
Plot size
Small Medium Large 
Plot size
1200
1000
800
600
400
200
Edge Interior
©
©>©©
©
Bf)CS
©©©
cua,
50
40
30
20
10
0
Edge Interior
Position in plot Position in plot
32
Edge effects
AH significant edge-interior differences except total fish in September and xanthid 
crabs in October also had significant size x position interactions (Table 6; Fig. 6). The size 
x position interactions indicate that there is considerable variation in animal distributions 
within plots of the same size, essentially blurring the distinction between the edge and 
interior of the plot. Otherwise, no consistent pattern was discernible for animal abundance 
and distribution within the eelgrass plots.
Blue crab C. sapidus
For all sampling dates, blue crabs were more abundant at the York River site than at 
the two James River sites, which had statistically similar densities (Tables 6, 7). Densities 
of blue crabs in July, before recruitment took place, were higher in 100 m2 plots than other 
sizes (Fig. 7), but later, after recruitment had begun, blue crabs were as abundant or more 
abundant in the 4 m2 plots as in the larger plots. Separation of July data from September, 
October, and November data affected ANOVA results little; site, plot size, and site x plot 
size effects remained significant. Blue crabs collected were primarily small juveniles (<15 
mm) and the overall size distribution of C. sapidus for all sampling dates was an 
exponentially decreasing curve (Fig. 8). Mean blue crab spine-to-spine carapace width 
was largest in July and did not differ between the final three sampling dates (Fig. 9).
There was no difference in blue crab size between plot sizes, edges or interiors of plots, 
nor among sites (ANOVA; plot size: p=0.13; position in plot: p=0.82; site: p=0.30).
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Ta b l e  6a. Effects of site (York, James 1, and James 2), plot size (4 m2, 100 m2, 400 m2) 
and position within plot (edge, interior) on densities of the most common decapod 
species, total fish species, total species, and species richness using split-plot ANOVA 
(* p<0.05, ** p<0.01, *** p<0.005).
T able 6a. Split-plot AN OVA. 34
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Table 6b. Effects of site (York, James 1, and James 2), plot size (4 m2, 100 m2, 400 m2) 
and position within plot (edge, interior) on densities of the most common decapod 
species, total fish species, total species, and species richness using split-plot ANOVA 
(* p<0.05, ** p<0.01, *** p<0.005).
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Table 6b. Split-plot ANOVA concluded. 36
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Fig. 6. Mean densities (+1 SE) of all species collected in edges and interiors of 
medium and large plots at A) York, B) James 1, and C) James 2. Also shown are D) 
overall densities for all sites combined.
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Figure 6. Edge-interior. 38
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Table 7. Effects of date, site, and plot size on densities of the most common decapod 
species, total fish species, total species, and species richness using three-way ANOVA 
(* p<0.05, ** p<0.01, *** p<0.005).
Table 7. Three-way ANOVA.
&
o
"2£
X
IX,
CO
u
a
■*-»
K
<3O
S3.
tc:
x
CO
X
I
CO
%
P5'
O ^  
CO >
O  oo
in o r—1 o oocn ON in oo oo
d CN o X d
ino t~- NO t-H 1—H T—lp CN O CN NO
NO X in NO CN
ON cn CN
NO NO 
CN O  
O  CN
CN in o cn ON ON
NO cn no P NO cn in
ON ON in in d CN d
o m NO cn r" in CNo p CN p P p p
X X ON X oo X cn Xcno
oo
o
CN
o
NO
ooin NO inCN NO o
*
*
* *
*
*
CN p CN O ON o r-~O p p t-' CN p cn
in
CN
CN cn o o in
NO P ,—1 On NO
p on cn p O
CN NO d ON OO
O t ' ' ON T-,
* * ** * ** * *
ON cn NO cn NO
NO p OO p r»
o CN d oo din in
oo o o ONH-Hp H^m oo
P X oo d ONON o NO CN mON T-H pcn P 1—1
* * ** * *
* * *
cn t- h in CN NOP 4 p p CN ON
X X t-H X or- NO
Tf OO OO 
P. cn p  
O oo oo P  cn cN
oo
C" o t" oo
CN
On P in p CN NO in pt-h cn i—H © t-H P p P
f ' 'ON
d
OO
cnT-H ON NOCN
NO CN
cncNCNNONOpCNCN
<D
<D ... .N 
N S MN w
C/5 • 1—1 S/c/i
*
^  o  
JJ X
•£  x  x
*n Q <P
c3 od +* cdQ b n x Q Q o o Q X
X
X
X
X
X
4-H r*
O o(D • rt
a .2 3 %O  K™ 
CO >
* * * ** * * ** * * *
ON CN ON p oo cn pOO p p P o p p
t-H in OO X t-H X t—Hm CN
oo C" ON oo On NO o CNoo »—• p OO p H^ oo
X X m in d X dP CN
* * *
* * * *
* * * * *
P T-H o o t-h NO^H p p on m p in
CN X X in d P d
t-H in
O in cn oo ON r-P On ON CN p P On oo
d cn ON d p P X ooON On o o cn f " NO NO
NO t-H t-HOO CN ON CN Pm PCN CN CN 1
* *
* * ** * *
CNOO O C"—in o cnoo p p oo p ON
oo oo o in d o o
NO in ON i-H p m p CNOO CN r- t-H ON P p p
ON ON d no o d X X
(N *n CN CN On O  OO
i n  GO c n  c n  t - h  CO p
X  X  © p" X © d
c n N t T t c n ^ - v o ' O C '
r - - o o N O O N © © p o
X  d  X  ‘i—i cN no P  cn in
CNT—H p
O
CN
Op
cn
t-H CNt"-
r -
P
CN in o CN d
ONin
r -
p NO
p
p
ONm cnp inp
NO X o p NO CN p
cn CN CN NO NO P CN
cnN
cn ^  
T-» <U
— o  .-a
O cn x  p
<D
X
<D <D
Xx  r r  x
Jy o
Q d o x Q Q d o Q X
<oc
o
2
X
cn
X
X
CO
<DC
-Co
2
T3
O
§*
Q
X
CO
X
x>
oX(CB
O<oQ
'+-| e;
°  O<D _
a .2
3  5S o ,2 co >
40
* *
* * * *
o o O in m NO t-Hp NO P p r- P P
cn H X d o P’
m oo O i> oo OOp p p P p NO cn
in cn in ON X X P
* * ** * * ** * * *
cn NO On NO cn cn r -i—H in p P ON P cn
CN NO X X d X d
CN cn o CN in cn oop CN p p p p m
OO o X OO X X d
t-H T—H
** * * ** * * *
in cn o CN r-~- r--r- ON oo p ON P
X ON X p t**H p oCN
ON o o NO CN ON in o
ON cn p NO t-H cn p ON
t-H X X X p" X oo POO cn oo o P ON in cnin
CN
oo CNi—H pi—H NO P CN cn
cn CN CN NO NO P CN 72
.S3 N M“ ‘35 x
o Q
CSJ
<o
<0
N
o
’on 'Bh"E h’c/3
’<Z1
+j
X X X
<DH o o oH <u 3 o
cB o cB ■4—» fcj
Q CO X Q Q oo Q m
41
FIG. 7. Blue crab (Callinectes sapidus) mean densities (+1 SE) in 4 m2, 100 m2, and 
400 m2 eelgrass plots in York and James Rivers in A) July, B) September, C) October, and 
D) November 1997. Note different y-axis scales between panels.
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Figure 7. Callinectes sapidus. 42
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Fig. 8. Blue crab size frequency distributions. Spine-to-spine carapace widths from
A) July, B) September, C) October, and D) November.
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Fig. 9. Mean blue crab carapace width (+1 SE) in July, September, October, and 
November.
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Figure 9. Blue crab size vs. date.
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Grass shrimp P. vulgaris 
Palaemonetes vulgaris responded to plot size with higher densities in 4 m2 plots 
(Table 7, Fig. 10). This was the strongest, most consistent response to plot size of all the 
species in this study. In September, P. vulgaris displayed the same pattern as blue crabs, 
with highest densities in the York River, and James 1 being equal to James 2.
Other shrimp (H. Pleuracanthus and C. septemspinosa)
Hippolyte pleuracanthus, another grass shrimp, after recruiting in early autumn, was 
most dense in 4 m2 plots at the York River site in October and November and in 400 m2 
plots at James 1 in November. H. pleuracanthus exhibited the density trend York > James 
1 > James 2 in October and November (Figs. 10, 11). The sand shrimp, Crangon 
septemspinosa, was most common in 4 m2 plots at James 2 in September and October, and 
in 4 m2 plots in the York River on all dates except September (Table 6a, Fig. 12).
Other crabs (Xanthids, P. longicarpus, and L. dubia)
In July, xanthid crabs were present only in the York River (Fig. 13). When mud crabs 
were collected in the James River, they were confined mainly to the upriver site, James 1, 
where they were as dense as the York site. The xanthids also were most common in the 
larger plots, with less than 10% collected in the 4 m2 plot size. Pagurus longicarpus, in 
contrast to the blue crab and shrimp distributions, were most common at James 2 in July 
and James 1 for the remainder of the study (Fig. 14). P. longicarpus were most abundant 
in 400 m2 plots at both James River sites in October (Table 6b, Fig. 14). The spider crab,
48
Fig. 10. Grass shrimp (.Palaemonetes vulgaris) mean densities (+1 SE) in 4 m2, 100
m2, and 400 m2 eelgrass plots in York and James Rivers in A) July, B) September, C)
October, and D) November 1997. Note different y-axis scales between panels.
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Figure 10. Palaemonetes vulgaris. 49
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Fig. 11. Grass shrimp (.Hippolyte pleuracanthus) mean densities (+1 SE) in 4 m2, 100 
m2, and 400 m2 eelgrass plots in York and James Rivers in A) October and B) November 
1997. H. pleuracanthus was not present in July and September samples. Note different 
y-axis scales between panels.
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Figure 11. Hippolyte pleuracanthus. 51
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Fig. 12. Sand shrimp (Crangon septemspinosa) mean densities (+1 SE) in 4 m2, 100
m2, and 400 m2 eelgrass plots in York and James Rivers in A) July, B) September, C)
October, and D) November 1997. Note different y-axis scales between panels.
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Figure 12. Crangon septemspinosa. 53
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Fig. 13. Mud crab mean densities (+1 SE) in 4 m2, 100 m2, and 400 m2 eelgrass plots
in York and James Rivers in A) July, B) September, C) October, and D) November. Note
different y-axis scales between panels.
Nu
m
be
r 
/ m 
Nu
m
be
r 
/ m
Figure 13. Mud crab. 55
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FIG. 14. Hermit crab (.Pagurus longicarpus) mean densities (+1 SE) in 4 m2, 100 m2,
and 400 m2 eelgrass plots in York and James Rivers in A) July, B) September, C) October,
and D) November 1997. Note different y-axis scales between panels.
Figure 14. Pagurus longicarpus.
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Libinia dubia, was absent in July and had higher densities at James 1 in September and 
October and at York in November (Table 6b, Fig 15). L. dubia, was most common in 100 
m2 plots at York and James 2 in September, then 4 m2 plots at James 2 in November.
Fishes
Syngnathus fuscus and Gobiosoma bosci, the two most numerous fish species in the 
collections, did not differ between sites on any date (p>0.25, Figs. 16, 17). Total fish 
densities were approximately the same over the entire study with no site differences except 
in November, when York River fish density was higher than James River densities (Table 
7). This difference was not driven by the three most common fishes, but rather by the 
blackcheek tonguefish, S. plagiusa, which was exceptionally abundant at the York River 
site in November. After removing this particular species from analysis, the difference 
disappears (p=0.71). The dominant fish species, when abundant, were most dense in 400 
m2 plots in July at all sites, and were most common in the two larger plots throughout 
most of the study, regardless of site (Table 6a; Figs. 16, 17).
Decapods and fishes collectively 
For all decapod species combined, densities in September, October, and November 
were higher in the York River than at James 1, and James 1 was higher than at James 2 
(Fig. 18). Despite this pattern, decapod species richness was not significantly different 
between sites for any date (p>0.39). York River decapod and total organism densities 
were highest in 4 m2 plots for all sampling periods, while total fish densities in the York
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Fig. 15. Spider crab (Libinia dubia) mean densities (+1 SE) in 4 m 2, 100 m2, and 400
m2 eelgrass plots in York and James Rivers in A) September, B) October, and C)
November. Note different y-axis scales between panels.
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Figure 15. Libinia dubia.
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Fig. 16. Pipefish {Syngnathus fuscus) mean densities (+1 SE) in 4 m2, 100 m2, and
400 m2 eelgrass plots in York and James Rivers in A) July, B) September, C) October, and
D) November. Note different y-axis scales between panels.
Figure 16. Syngnathus fuscus. 62
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FIG. 17. Naked goby (Gobiosoma bosci) mean densities (+1 SE) in 4 m2, 100 m2, and
400 m2 eelgrass plots in York and James Rivers in A) July, B) September, C) October, and
D) November. Note different y-axis scales between panels.
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Figure 17. Gobiosoma bosci. 64
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Fig. 18. Decapod species mean densities and species richness (+1 SE) in 4 m2, 100 
m2, and 400 m2 eelgrass plots in York and James Rivers in A) July, B) September, C) 
October, and D) November.
Figure 18. Decapod species. 66
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River were highest in the smallest plot for the two final collections (Figs. 19, 20). The 4 
m2 plots at James 2 had the most dense animal assemblage in July and September for 
decapods and total species (Tables 6b, 7). Despite containing overall higher numbers of 
individuals in many cases, the 4 m2 plots did not consistently have higher species richness. 
In fact, July decapod and total species richness in 400 m2 plots were higher than for the 
smaller plots (Figs. 18, 19). When all species of decapods and fish were grouped together 
and analyzed, densities were highest at the York River site for the last three sampling 
dates (p<0.001, Figs. 18, 19).
Comparison to natural beds 
Densities of all species of epifauna combined were higher in transplant plots than 
existing natural eelgrass at York, James 1, and the three sites together (Fig. 21). At the 
James River 2 site, 4 m2 plots had higher densities of animals than the natural beds and 
400 m2 plots were equivalent to natural densities.
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Fig. 19. Fish species mean densities and species richness (+1 SE) in 4 m2, 100 m2, and 
400 m2 eelgrass plots in York and James Rivers in A) July, B) September, C) October, and
D) November.
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Figure 19. Fish species. 69
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FIG. 20. Total species mean densities and species richness (+1 SE) in 4 m2, 100 m2, 
and 400 m2 eelgrass plots in York and James Rivers in A) July, B) September, C) October, 
and D) November.
Figure 20. Total species. 71
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Fig. 21. Mean densities (+1 SE) of all animal species collected in experimental plots 
at A) York, B) James 1, and C) James 2 sites relative to adjacent natural beds in York and 
James Rivers. Also shown are D) aggregate data from all three sites compared to the 
mean natural bed densities.
Figure 21. Comparison to natural beds. 73
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DISCUSSION
Faunal utilization patterns discerned here suggest that, at the scales tested in this 
experiment, differences in animal densities and distributions between plot sizes, edges and 
interiors of plots, and sites are species-specific. This is consistent with earlier reports of 
species-specificity in faunal response to habitat fragmentation in artificial seagrass 
(Eggleston et al. 1998, Eggleston et al. 1999). In this study, few species exhibited clear 
edge effects in distribution or density, and patterns were clouded by interaction with plot 
size. Grass shrimp, P. vulgaris, responded to differences in plot size with higher densities 
in the 4 m2 plot compared with 100 m2 and 400 m2 plots. Fish responded in the opposite 
manner, being most abundant in the larger plots, thereby illustrating the wide variety of 
effects for species with different behavioral characteristics. The most significant patterns 
in faunal distribution occurred as intra- and inter-river system site differences. The site 
farthest from existing natural vegetation had the most dense animal community and sites 
within the same river differed less than sites across river systems.
Fine-scale heterogeneity was represented by differences in the edge and interior of 
eelgrass plots, accounting for the relative amount of vegetation within those plots, derived 
from percentage cover and shoot density measurements. The non-significant difference in 
plant characteristics between plots is crucial in accounting for natural variability in 
seagrass systems and removing the often-confounding floral effects. A landscape
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perspective of heterogeneity consisted of larger-scale variability by contrasting three plot 
sizes within each study site. Regional differences were represented on two levels by 
comparing sites within the same river (James 1 vs. James 2) and across river systems 
(York vs. James 1 and James 2). Based on these descriptions of local and landscape 
habitat heterogeneity, I assessed the abundance and distribution of the mobile macrofaunal 
assemblages in fragmented Zoster a habitats.
Edge effects
Almost every difference in animal density or species richness between edges and 
interiors of plots was associated with a significant size by position interaction effect. The 
profusion of these interactions reflects the close relationship between overall plot size and 
its internal components; differences in animal density between edges and interiors were 
inextricably linked to the size of the plot where the animals were located. Greater faunal 
diversity and density at the edge of a habitat than in the interior (grouse: Yahner 1984, 
freshwater fish: Olson et al. 1998) suggests increased movement of resources and 
individuals into these habitats. This may be true at the boundary of any two different 
habitats where the movement of an organism between landscape elements typically 
involves crossing unsuitable habitat (Polis et al. 1995, Polis and Hurd 1996). The 
permeability of this boundary requires reference to the specific organism encountering the 
boundary (Crowe 1996). Crangon septemspinosa, a sand shrimp, is colored cryptically to 
hide on and in sandy substrates and may be more prone to forage in bare areas or venture 
between patches than other seagrass-dependent species like the pipefish, Syngnathus
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fuscus. Hence, the seagrass-sand boundary may be more permeable to the species that 
will readily travel across it (C. septemspinosa) than the one that will not (S. fuscus), 
though no clear pattern was distinguishable for any macrofaunal species.
The possibility exists that the inherent patchiness of the experimental plots precludes 
any edge-interior differences in faunal abundance. In other words, the alternated 
vegetated and unvegetated patches were heterogeneous to the extent of being separate 
units and not one composite plot in terms of habitability for an organism. If this is true, 
each 4 m2 unit of eelgrass was just one of 192 other patches at a site and faunal settlement 
in a particular plot occurred unaffected by the usual benefits of preferentially inhabiting 
either the interior (lower predation) or edge (greater foraging opportunities) of the plot.
Other considerations in evaluating the lack of edge effects are the spatial expanse of 
the transplant plots and the degree of motility of the epifauna studied here. The transplant 
plots were substantial in terms of magnitude of eelgrass planted, areal coverage of 
substrate, and resulting three-dimensional habitat. But, the plots may not have been large 
enough to allow detection of edge effects for these common mobile macrofauna.
Decapods and fish show patterns of movement, abundance, and species composition based 
on diel, tidal, and seasonal cycles (Thayer et al. 1984). Diel migrations of blue crabs and 
other seagrass inhabitants involve increased movement throughout the water column at 
night, constituting significant, short-term redistribution events. Highly mobile species 
such as silver perch (B. chrysura) and croaker (Af. undulatis) may be considered transient 
species of these habitats, though some species like pipefish (S. fuscus, S. floridae), goby 
(G. bosci), and blenny (H. hentzi, C. bosquianus), are less motile and are sufficiently
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seagrass-dependent to be considered permanent members of the eelgrass community. The 
propensity for movement and dispersal of these macrofauna across great distances likely 
masked potential edge effects within the transplant plots.
A buffer zone that confines movement of an individual to several meters away from a 
seagrass plot may exist for some species, but the organisms that are not strictly dependent 
on the vegetation for survival and feed over bare substrate likely move around both within 
the patch and across nearby sand. Therefore, the 10 m separation of the experimental 
treatments, though larger than that in previous studies and greater than the distance 
between patches within a plot (4 m), may have still allowed dispersal from one plot to the 
next. The interaction between plots could result in homogenization of densities across all 
plots at a site and weaker, or nonexistent, position within plot and plot size effects.
Response to plot size
P. vulgaris responded to plot size with higher abundance in 4 m2 compared to 100 m2 
and 400 m2 plots for most comparisons, similar to artificial seagrass experiments where 
Palaemonet.es densities were inversely related to plot size (Eggleston et al. 1998). 
Palaemonid and other grass shrimp were more abundant in more fragmented habitats than 
in contiguous patches (Fonseca et al. 1990) as well, and in this study the 4 m2 plot is 
equivalent to an isolated remnant of a fragmented bed. This pattern of higher densities in 
small plots was also seen in H. pleuracanthus and C. septemspinosa distributions, though 
the effect was not as strong or as consistent as in P. vulgaris. Blue crabs were most 
abundant in the medium plot in July (pre-recruitment), but densities did not differ among
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plots in September, October, and November (recruitment). During these latter three 
sampling periods, the majority of blue crab inhabitants of eelgrass were small juveniles that 
may not have perceived a difference between plot sizes, whereas in July, sampled crabs 
were larger juveniles and adults that might have needed the increased habitable space 
provided by the 100 m2 and 400 m2 plots. Blue crabs reaching a size refuge from 
predation and density-dependent migration from seagrass habitats influenced the plots in 
the autumn, after the major recruitment periods. Predation on blue crabs may have been 
least in the 400 m2 plot (Schulman 1996), whereas crabs in the smaller plots were preyed 
upon by other crabs and fish at a higher rate. A balancing influence is that of the 
abundance of prey (Palaemonid and other shrimp) in small habitats may be the major 
factor driving the size distribution of blue crabs (Fonseca et al 1990).
A major factor in determining the faunal community structure in an area is the 
movement of resources and organisms from one habitat to another. Though most of these 
habitats are not two-dimensional, their relative sizes are good determinants of this 
allochthonous input of materials and dispersing individuals in island ecosystems (Polis and 
Hurd 1996). Other habitats, acting as islands, respond to some measure of habitat size as 
well (forest edge to interior: Wilcove et al. 1986, shoreline to lake area: Gasith and Hasler 
1976), increasing the likelihood of these patch size effects in seagrass systems.
There are conflicting reports regarding the influence of habitat size on animal density and 
responses appear to be strongly affected by species-specific factors. Smith and 
Brumsickle (1989) found colonization rates to vary with plot size resulting in higher faunal 
abundance and species richness in smaller plots and attributed the difference to post-larval
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settlement patterns. However, plot size, in terms of diameter of pools, did not influence 
abundances of some species (amphibians: Mann et al. 1991, amphibians: Gambold and 
Woinarski 1993, gastropods and sessile invertebrates: Underwood and Skilleter 1996), nor 
did plot size affect the recruitment of various planktonic invertebrate larvae (Young 
1988). The fish species considered were most dense in large plots in July at all sites and 
then occurred in highest numbers in the two largest plots throughout the remainder of the 
study. This follows previous reports that large plots of branching coral harbored more fish 
species than smaller plots, and fish selectively inhabited these larger plots over smaller 
ones (Clarke 1988).
In the York, the distribution of decapods determined the overall species trend where 
small plots had higher animal densities than medium and large plots for all dates. This was 
also the case for James 2 in July and September. Fish distribution followed this pattern in 
October and November, but again this appears to be an aberration in the data resulting 
from a single species (blackcheek tonguefish, Symphurus plagiusa) outlier. The small 
plots may have been most dense faunally, but these high densities did not necessarily 
translate to high species richness. Many species, though sparsely distributed, were present 
at most sites on most dates, thereby leveling the species richness considerably. In fact, 
decapod and total richness were higher in the largest plot in July, and fish richness was 
highest in the medium plots in the James River for two sampling periods with general 
trends toward higher abundance in the small plot.
In some environments, the size of remnant patches does affect species composition 
and population size, but no definite patterns emerge from my observations in these
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seagrass habitats. The optimum size of patch or ecosystem that preserves species 
composition and diversity is likely species- and habitat-specific and, hence, composed of 
complex processes (Lovejoy and Oren 1981, Saunders et al. 1991). A small habitat is 
more susceptible to external factors than a larger one, so its ecosystem dynamics are 
driven mainly by these external forces rather than internal ones (Saunders et al. 1991).
The relative importance of within-habitat factors increases with plot size, as do differences 
between positions within the plot.
Fragmentation of a landscape produces a assortment of remnant patches surrounded 
by different substrate or vegetation. In the case of seagrass habitat fragmentation, the 
matrix that is left is typically unvegetated bottom. The remnant patches are isolated from 
one another by varying distances and, while they may be exposed to similar physical 
(radiation, wind) and biogeographic (connectivity, distance from other remnants) factors, 
their size, shape, and position within the entire landscape determine the degree of those 
modifying effects (Saunders et al. 1991). When fragmented patches are the only suitable 
habitat for fauna, the organisms are concentrated in the remaining fragments (Haila and 
Hanski 1984, Wilcove et al. 1986). Inter- and intraspecific relationships, such as 
competition and predation, are altered by this overcrowding, resulting in population 
fluctuations, fecundity changes, and possible decrease in species diversity (Saunders et al. 
1991). Supersaturation of organisms leads to over-exploitation of resources (see Spinage 
and Guiness 1971), though it is unlikely that food is a limiting resource in seagrass 
ecosystems (Howard et al. 1989, Perkins-Visser et al. 1996). For the most part, common 
food items such as epiphytic algae, detritus, and small invertebrate prey are highly
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abundant in these habitats.
In a newly fragmented landscape, species numbers will decline rapidly as predation and 
competition gradually reduce overpopulation. A patch that has been isolated for a long 
time may have “relaxed,” or lost a proportion of its original species and gained those 
species that are better suited to the fragmented system (Saunders et al. 1991). Thus, the 
time since isolation is an important characteristic of a remnant since the equilibration 
process is gradual. In the present study, sampling began eight months after the plots were 
planted, allowing ample time for the plots, initially lacking in associated fauna, to be 
inhabited by the rapid-colonizing species that are well-adapted to spatially heterogeneous 
landscapes. Though the presence of individuals of a species in a patch is not a guarantee 
that they have settled in suitable habitat and will maintain a population (Hobbs 1987, 
Saunders et al. 1991), the experimental eelgrass plots should have realized heavy 
colonization by emigrating organisms and recruitment by dispersing larvae in the months 
after they were established. It has been suggested that after 2 years, faunal densities and 
number of species in transplanted and natural eelgrass begin to converge (Fonseca et al. 
1990) and that a stabilization of the eelgrass population facilitates animal community 
stabilization. Dispersal of organisms and connectivity of a landscape (i.e., corridors) are 
also critical for persistence of a population (micro-arthropods: Gonzalez et al. 1998). It 
appears that dispersal was facilitated in the planted Zostera habitats by seemingly 
uninhibited movement within plots and throughout the site, at least for some of the more 
mobile organisms. So while the plots were established as individual entities within the 
landscape of a site, they probably were perceived as adjoining patches of a larger meadow.
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Even though food resources may not be limiting in seagrass patches, the amount of 
three-dimensional space, in terms of cover from predators, may limit the numbers of 
motile epifauna in areas where prey species are reliant on plant structure as refuges and 
where predation pressures are high (Heck and Orth 1980, Howard et al. 1989). The lack 
of space is exacerbated in that the presence of epifauna in a habitat does not necessarily 
inhibit additional colonization by animals (Edgar 1992). The eelgrass plots considered 
here did not differ in shoot density and percentage cover, the estimates of plant standing 
crop within- and between-plots. Thus, the individual, vegetated patches constituting each 
plot were uniform subunits, and the plots themselves were comparable within and across 
sites. Further, the amount of both two-dimensional and three-dimensional space provided 
by each 2 m x 2 m patch was equal and did not co-vary with main factors.
Site influences
High densities of all species, collectively, at the York River site compared with the 
two James River sites indicate a positive relationship between distance to natural beds and 
animal density in experimental plots. This result also was found in artificial plots varying 
distances from existing beds (Sogard 1989). Described here as an oasis effect, it is best 
illustrated on a species level by blue crab distributions in York River relative to James 
River. The experimental plots may be perceived by blue crabs as oases within the wide 
matrix of uninhabitable bare substrate and are colonized rapidly.
Landscape-scale habitat fragmentation can cause widespread decreases in abundance 
of not only the animals inhabiting those fragmented patches, but also the undisturbed
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portions of the environment. The decline in abundance may be due primarily to prevention 
of immigration that can be alleviated somewhat by corridors and the rescue effect, which 
suggests that immigration decreases the probability of local population extinction and 
strengthens the link between local abundance and the number of occupied patches 
(Gonzalez et al. 1998). Site characteristics such as variable larval input, proximity to 
existing natural beds, and other physical factors may be more influential in establishing 
faunal communities than smaller-scale differences like position within patch (Bell et al. 
1988) as seen by strong site effects for most species in this study. Changes in water flux 
and associated nutrients and particulate matter also may impact the biological makeup of 
the experimental plots (Saunders et al. 1991).
Though blue crabs were most common at the York River site on all collection dates, 
the high abundances of hermit and mud crabs in the James River evened out the 
distribution and led to no site differences in July for total decapod densities. And, 
although decapod species densities were highest in the York River site in three out of four 
sampling periods, decapod species richness did not differ between sites. The two 
dominant fish species, S. fuscus and G. bosci, had similar densities with site for all 
sampling dates. Total fish species densities did not differ between sites in July, September, 
and October, but were higher in the York River than James River in November, mainly 
due to the presence of the blackcheek tonguefish.
Comparisons to natural beds 
In terms of plant standing crop and densities of mobile macrofauna, the transplanted
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Zostera plots provided more than adequate habitat for the motile epifauna considered in 
this study. The existing natural beds under observation were more continuous than 
experimental plots and contrasted the relatively new, highly patchy transplanted plots. 
Within a fragmented habitat, per patch emigration and immigration may be lower than in 
undisturbed patches, and, consequently, the extent of distribution and abundance of a 
species also may decline (Lawton 1993). In this study, however, densities of organisms in 
test plots were comparable or exceeded those of the natural beds, which shows an affinity 
of these fauna for fragmented habitat and high settlement rates by dispersing individuals 
into the experimental plots after crossing extensive unvegetated regions. Fonseca et al. 
(1990) discovered more organisms in natural than transplanted seagrass beds and 
attributed the difference to the relative ages of the two habitats. In contrast, the 
comparatively young transplants sampled here, especially those in York River, may have 
supported more recruiting individuals than the existing beds because of the oasis effect, 
i.e., the lack of substantial, established seagrass nearby.
Community structure 
Seagrass habitats are ephemeral in nature and may not permit the long-term, stable 
interactions that lead to the development of interspecific competition and resource 
partitioning (Howard et al. 1989). The high daily turnover of individuals within seagrass 
beds, coupled with regular movement of motile epifauna in and out of vegetation, cause 
rapid colonization of seagrass and redistribution both within and across patches (Virnstein 
and Curran 1986). Because most species considered here are planktonic in larval
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(decapods and some fishes) or juvenile (pipefish) stages, the normal patchiness of plankton 
distributions influence their coverage of these two river systems (Bell and Westoby 1986b, 
Bell and Hicks 1991). Hence, chance events may drive arrival of recruits to the bed and 
settlement in a particular size plot or location within plot (Smith and Brumsickle 1989). 
Distribution patterns are formed not only from colonization of habitat by recruiting 
individuals, but also from post-settlement dispersal and biological interactions (Shenk and 
Karlson 1986, Clarke 1988, Dirnberger 1993, Perkins-Visser et al. 1996).
The species in focus here were the small, mobile organisms associated with the 
sediment surface, often on seagrass stems and leaves, as well as the larger, active animals 
like fish that are more closely associated with entire seagrass beds than individual plants 
(Howard et al. 1989). The scarcity of these epifauna in the July samples is consistent with 
low animal densities in seagrass beds in the middle of summer (Wass 1972, Marsh 1973). 
The measurements from this first date provide a contrast to the dense populations present 
in autumn, and act as a “before” snapshot in observing recruitment events into the eelgrass 
plots. Community composition was characterized by substantial variation in species 
distribution, even in adjacent plots within the same site.
Most of these species were found throughout the study periods, though the grass 
shrimp, Hippolyte pleuracanthus, did not appear in our samples until October. Moreover, 
the particular species targeted in this study are characteristically ephemeral in nature and 
can be abundant or sparse depending on highly variable environmental conditions and 
chance occurrences (Virnstein and Curran 1986, Bell et al. 1987, Howard et al. 1989).
In summer, adults and larger juvenile blue crabs comprise a substantial component of
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eelgrass faunal communities and utilize the highly productive patches as foraging areas. In 
contrast, during the autumn, a shift in the primary use of those habitats from feeding 
grounds to nurseries is evidenced by smaller mean sizes in the final three sampling periods 
as post-larvae pulse into seagrass beds. Survival of post-larvae through the first few 
juvenile instars may be the most influential factor in the dynamics of the population since 
larger juveniles and adults emigrate out of the beds (Orth and van Montfrans 1987) once 
they have achieved a relative size refuge from predation (Pile et al. 1996).
Blue crab sizes did not differ across sites, indicating that both river systems likely 
experienced similar recruitment events at approximately the same time. This is not 
unlikely since blue crab post-larvae enter Chesapeake Bay after developing in offshore 
waters and move into tributaries such as the James and York Rivers to settle in seagrass 
and marsh habitats (Orth and van Montfrans 1987, van Montfrans et al. 1995). Crab size 
distributions did not change within plots in edges or interiors either, contrary to a 
documented settlement shadow phenomenon where the highest densities of settling 
individuals along edges of an encountered seagrass habitat with progressively fewer 
settlers reaching the interior regions. If a settlement shadow did occur and small, 
dispersing individuals settled more in edges, then some other force such as density- 
dependent movement was at work to even out the distribution. The results point to post­
settlement redistribution by blue crab post-larvae and juveniles to avoid competition or 
predation by fish and larger blue crabs.
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Conclusions
In this experiment, I discerned the distributions of local decapod crustacean and fish 
communities in transplanted Zostera marina plots of the York and James Rivers over 
several months in response to habitat fragmentation and spatial heterogeneity. These 
motile epifauna encounter fragmentation on various levels, so I investigated small-scale 
(position within plot), medium-scale (plot size), and large-scale (between site) 
heterogeneity as well as temporal effects as potential determinants of faunal community 
structure. I considered responses to heterogeneity separately between taxa, since their 
habitat requirements and behavior invoke species-specific characteristics.
These results confirm that the faunal communities inhabiting spatially heterogeneous 
seagrass beds are extremely dynamic and are not contained within the boundaries of one 
plot or group of patches. Distinctions between the edges and interior portions of a plot 
may mean little to highly motile organisms that may only respond to fragmentation over 
greater distances, making dispersal, metapopulation dynamics, and source-sink dynamics 
critical in structuring their distributions (Dias 1996, Palmer et al. 1996).
This study, conducted in transplanted eelgrass plots, offers unique evidence of the 
relationship between organisms and habitat structure in a natural system at larger spatial (4 
to 400 m2) and temporal (30 days) scales than have been considered previously. The 
results offer striking evidence that seagrass habitat fragmentation and spatial heterogeneity 
influence faunal abundance and distribution on a species-specific basis, and should 
provoke further multi-scale investigations of animal distributions in fragmented habitats.
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APPENDIX I
Raw data from July, September, October, and November for the 3 study sites. 
Densities shown are per sample, categorized by epifaunal functional group or species. In 
left hand column, sample identification number includes: plot replicate number (1,2, 3), 
plot size (S, M, L), alphabetical ordering, and quadrat position, given as a coordinate pair 
(i.e., sample IMa 3,5 was taken at replicate 1 of the medium plots at a site, from column 
3, row 5, and arbitrarily labeled ‘a’ for classification purposes). Natural bed data are 
labeled as either edge (E) or center (C) indicating their positions within the seagrass patch.
SAMPLING PERIOD I 
Coast Guard site, 15 July 1997.
Blue Hermit Spider Mud
Crab Crangon Palaemonetes Hippolyte Fish Crab Crab Crab Total
IS 1,1 1 6 1 0 0 0 0 0 8
IM a 3,5 3 3 0 0 0 0 0 0 6
1Mb 1,1 0 1 0 0 0 0 0 0 1
lM c 1,5 1 2 0 0 0 1 0 0 4
lM d 5,3 1 6 0 0 1 0 0 0 8
IM e 3,3 0 4 0 0 3 0 0 0 7
lL a 10,10 1 1 0 0 1 0 0 0 3
lLb 1,3 1 2 1 0 0 0 0 0 4
ILc 1,1 1 5 3 0 2 0 0 1 12
ILd 2,10 1 3 1 0 1 0 0 1 7
lLe 10,2 1 2 1 0 4 0 0 0 8
ILf 1,7 3 1 0 0 2 0 0 0 6
ILg 8,10 5 6 0 0 2 0 0 1 14
ILh 5,5 0 4 3 0 1 0 0 0 8
ILi 4,10 2 7 1 0 2 0 0 0 12
ILj 9,1 3 1 0 0 0 0 0 0 4
2S 1 7 0 0 0 0 0 0 8
2Ma 1,5 0 0 0 0 0 0 0 0 0
2Mb 3,3 2 8 0 0 4 0 0 0 14
2Mc 5,5 2 0 1 0 0 0 0 0 3
2Md 5,1 2 2 0 0 1 0 0 0 5
2Me 3,1 0 3 0 0 0 0 0 0 3
2La 6,10 2 6 0 0 2 0 0 0 10
2Lb 1,5 1 3 0 0 0 0 0 0 4
2Lc 2,10 3 10 1 0 2 1 0 0 17
2Ld 5,1 0 6 0 0 2 0 0 0 8
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2Le 5,5 0 6 0 0 0 1 0 1 8
2Lf 4,10 2 2 0 0 3 0 0 2 9
2Lg 3,1 2 2 0 0 0 0 0 0 4
2Lh 10,6 4 3 0 0 0 0 0 1 8
2Li 10,10 1 2 0 0 1 0 0 0 4
2Ljl,3 1 5 0 0 1 0 0 1 8
3S 1 10 1 0 2 1 0 0 15
3M al,l 4 5 0 0 0 0 0 1 10
3Mb 1,3 0 4 2 0 2 1 0 1 10
3Mc 5,5 1 2 0 0 1 1 0 0 5
3Md 5,1 0 5 1 0 0 0 0 0 6
3Me 3,3 3 6 2 0 0 0 0 0 11
3La 2,10 0 1 0 0 0 0 0 0 1
3Lb 1,9 2 7 0 0 0 1 0 0 10
3Lc 4,10 0 3 0 0 0 0 0 0 3
3Ld 5,5 2 3 0 0 0 0 0 0 5
3Le 9,1 0 6 0 0 0 0 0 0 6
3Lf 10,2 2 3 0 0 0 0 0 0 5
3Lg 1,3 2 4 0 0 1 0 0 0 7
3Lh 10,8 0 0 0 0 0 0 0 0 0
3Li 1,7 1 3 0 0 3 0 0 2 9
3Lj 10,10 1 3 0 0 1 0 0 0 5
Merrimac Shores site, James River, 10 July 1997.
Blue Hermit Spider Mud
Crab Crangon Palaemonetes Hippolyte Fish Crab Crab Crab Total
IS 0 4 3 0 2 1 0 0 10
IM a 3,3 1 5 0 0 3 1 0 0 10
1Mb 5,5 0 2 4 0 1 1 0 0 8
lM c 3,1 0 3 0 0 0 0 0 0 3
lM d 5,1 1 8 3 0 1 1 0 0 14
IM e 1,3 0 11 1 0 2 0 0 0 14
lLa 5,5 0 3 0 0 1 1 0 0 5
lLb 1,3 0 6 2 0 1 0 0 0 9
ILc 10,6 0 1 3 0 2 0 0 0 6
ILd 3,1 1 2 1 0 2 4 0 0 10
lLe 5,1 0 7 6 0 0 0 0 0 13
ILf 2,10 0 10 0 0 0 0 0 0 10
ILg 4,10 0 5 1 0 0 2 0 0 8
ILh 1,7 0 0 1 0 0 0 0 0 1
ILi 9,1 0 24 5 0 1 0 0 0 30
lLj 8,10 0 0 0 0 0 1 0 0 1
2S 0 3 1 0 0 1 0 0 5
2Ma 1,5 0 11 2 0 1 0 0 0 14
2Mb 3,1 1 10 2 0 0 1 0 0 14
2Mc 3,3 1 0 0 0 1 0 0 0 2
2Md 5,1 0 13 5 0 0 2 0 0 20
2Me 5,5 1 5 0 0 1 2 0 0 9
2La 6,6 0 8 0 0 3 1 0 0 12
2Lb 10,6 0 1 0 0 0 1 0 0 2
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2Lc 1,1 0 9 0 0 1 0 0 0 10
2Ld 5,1 0 1 0 0 1 0 0 0 2
2Le 9,1 0 5 3 0 3 0 0 0 11
2Lf 2,10 0 2 0 0 1 0 0 0 3
2Lg 1,9 0 7 1 0 4 1 0 0 13
2Lh 8,10 0 11 5 0 0 0 0 0 16
2Li 10,8 0 8 1 0 1 0 0 0 10
2Lj 10,10 0 12 0 0 0 1 0 0 13
3S 0 6 2 0 0 1 0 0 9
3Ma 1,1 0 9 3 0 1 1 0 0 14
3Mb 3,1 1 4 3 0 1 1 0 0 10
3Mc 3,3 0 16 3 0 1 2 0 0 22
3Md 3,5 0 2 2 0 0 3 0 0 7
3Me 5,3 0 2 4 0 1 0 0 0 7
3La 5,1 0 3 0 0 0 0 0 0 3
3Lb 3,1 1 4 0 0 0 0 0 0 5
3Lc 10,10 0 16 4 0 1 1 0 0 22
3Ld 8,10 0 9 3 0 1 0 0 0 13
3Le 10,4 2 5 2 0 0 1 0 0 10
3Lf 1,7 0 8 0 0 1 0 0 0 9
3Lg 1,5 0 2 1 0 1 0 0 0 4
3Lh 1,9 0 7 0 0 0 0 0 0 7
3Li 2,10 0 4 2 0 0 1 0 0 7
3Lj 6,6 0 7 0 0 0 0 0 0 7
Strawberry Banks site, James River, 09 July 1997.
Blue Hermit Spider Mud
Crab Crangon Palaernonetes Hippolyte Fish Crab Crab Crab Total
IS 1 3 0 0 0 1 0 0 5
IM a 1,3 1 4 1 0 0 1 0 0 7
1Mb 1,1 0 1 1 0 0 0 0 0 2
lM c 3,1 0 2 0 0 1 1 0 0 4
lM d 5,5 0 5 1 0 0 0 0 0 6
IM e 3,3 1 6 0 0 0 1 0 0 8
lLa 1,3 0 7 1 0 0 0 0 0 8
lLb 2,10 1 6 0 0 0 1 0 0 8
ILc 1,5 0 7 2 0 1 1 0 0 11
ILd 1,7 0 11 0 0 1 1 0 0 13
lLe 10,8 0 11 0 0 2 2 0 0 15
ILf 5,5 0 3 0 0 1 3 0 0 7
ILg 7,1 1 1 1 0 1 3 0 0 7
ILh 10,10 1 2 0 0 0 1 0 0 4
ILi 9,1 2 1 0 0 1 1 0 0 5
ILj 8,10 0 6 1 0 0 0 0 0 7
2S 0 10 2 0 0 5 0 0 17
2Ma 1,1 0 3 0 0 0 2 0 0 5
2Mb 1,3 1 0 0 0 0 0 0 0 1
2Mc 3,5 0 4 0 0 0 1 0 0 5
2Md 3,3 0 1 0 0 1 3 0 0 5
2Me 5,3 0 3 0 0 2 1 0 0 6
2La 1,1 0 2 0 0 0 0 0 0
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2Lb 1,3 1 3 1 0 0 1 0 0 6
2Lc 1,5 0 7 0 0 4 1 0 0 12
2Ld 10,4 0 9 0 0 0 2 0 0 11
2Le 6,10 0 5 0 0 0 3 0 0 8
2Lf 10,10 1 10 0 0 0 1 0 0 12
2Lg 1,9 0 2 0 0 0 0 0 0 2
2Lh 10,2 1 5 2 0 1 5 0 0 14
2Li 6,6 1 9 1 0 1 1 0 0 13
2Lj 10,6 0 14 0 0 0 0 0 0 14
3S 0 5 2 0 0 1 0 0 8
3Ma 1,1 0 4 0 0 0 1 0 0 5
3Mb 1,3 0 1 1 0 6 0 0 0 8
3Mc 3,3 1 1 0 0 0 0 0 0 2
3Md 3,5 0 4 0 0 1 1 0 0 6
3Me 5,3 0 1 1 0 1 1 0 0 4
3La 1,7 0 0 0 0 0 0 0 0 0
3Lb 3,1 0 2 1 0 1 0 0 0 4
3Lc 5,5 0 1 0 0 1 0 0 0 2
3Ld 6,10 0 2 0 0 0 1 0 0 3
3Le 2,10 0 15 1 0 0 0 0 0 16
3Lf 1,3 0 7 0 0 2 1 0 0 10
3Lg 9,1 0 4 1 0 1 0 0 0 6
3Lh 10,8 0 3 0 0 1 1 0 0 5
3Li 10,4 0 2 0 0 1 2 0 0 5
3Lj 10,6 0 3 1 0 2 0 0 0 6
Veteran’s Administration site, James River, 09 July 1997.
Blue Hermit Spider Mud
Crab Crangon Palaemonetes Hippolyte Fish Crab Crab Crab Total
E l 1 1 1 0 1 3 0 0 13
E2 0 4 1 0 0 2 0 0 7
E3 0 1 0 0 1 0 0 0 8
E4 0 4 0 0 1 0 0 0 5
Cl 0 6 2 0 1 2 0 0 11
C2 1 5 0 0 1 2 0 0 9
C3 1 8 1 0 1 0 0 0 11
C4 0 4 0 0 1 0 0 0 5
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SAMPLING PERIOD II
Coast Guard site, York River, 28 September 1997.
Blue Hermit Spider Mud
Crab Crangon Palaemonetes Hippolyte Fish Crab Crab Crab Total
IS 7 0 14 0 0 1 0 0 22
IM a 1,5 3 1 1 0 0 0 3 0 8
1Mb 5,1 5 3 11 0 0 0 0 1 20
lM c 3,1 7 7 3 0 0 0 2 0 19
lM d 5,5 2 2 3 0 1 0 0 0 8
IM e 2,2 10 5 12 0 1 0 0 0 28
lM f 4,2 3 2 10 0 1 0 0 0 16
lM g 3,3 7 0 1 0 0 0 1 1 10
IMh 2,4 10 1 7 0 0 0 1 0 19
lLa 5,1 2 1 1 0 1 0 0 0 5
lLb 1,7 6 2 4 0 0 0 0 0 12
ILc 10,6 3 2 20 0 1 0 0 1 27
ILd 6,10 1 1 2 0 2 0 0 2 8
lLe 4,4 10 4 13 0 1 0 0 0 28
ILf 5,5 6 2 1 0 3 0 0 0 12
ILg 5,7 8 1 6 0 1 0 0 0 16
ILh 6,6 5 0 2 0 0 0 0 0 7
2S 10 2 5 0 0 0 0 0 17
2Ma 1,1 7 4 26 0 3 0 0 0 40
2Mb 3,1 2 2 5 0 0 0 0 0 9
2Mc 3,5 8 2 2 0 1 1 0 0 14
2Md 5,5 11 6 3 0 1 0 0 0 21
2Me 2,2 3 2 8 0 1 2 0 0 16
2Mf 4,2 10 7 16 0 2 0 0 0 35
2Mg 3,3 9 5 20 0 1 0 0 1 36
2Mh 4,4 5 5 14 0 2 0 1 1 28
2La 9,1 13 5 6 0 1 0 0 0 25
2Lb 10,10 17 13 30 0 2 0 0 0 62
2Lc 1,9 12 4 10 0 0 0 0 0 26
2Ld 6,10 2 5 10 0 1 0 0 0 18
2Le 6,4 6 5 6 0 0 0 0 0 17
2Lf 5,5 8 4 7 0 1 0 1 0 21
2Lg 5,7 13 4 8 0 0 0 0 0 25
2Lh 6,6 8 6 7 0 0 0 0 0 21
3S 10 11 39 0 0 0 0 0 60
3Ma 1,1 10 16 37 0 4 0 0 0 67
3Mb 3,1 11 11 4 0 1 0 0 0 27
3Mc 3,5 11 7 6 0 1 0 1 2 28
3Md 5,3 14 8 17 0 2 0 2 0 43
3 Me 4,2 0 0 0 0 0 0 0 0 0
3Mf 3,3 10 4 19 0 0 0 0 0 33
3Mg 2,4 2 3 0 0 0 0 0 0 5
3Mh 4,4 5 3 8 0 0 0 1 0 17
3La 7,1 5 6 3 0 0 0 0 0 14
3Lb 1,3 5 4 6 0 0 0 0 0 15
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3Lc 1,7 5 1 8 0 1 0 0 1 16
3Ld 8,10 5 4 21 0 3 0 3 0 36
3Le 6,4 8 2 11 0 0 0 0 0 21
3Lf 5,5 7 9 15 0 1 0 0 0 32
3Lg 4,6 6 1 3 0 0 0 1 0 11
3Lh 6,6 18 8 15 0 2 0
Merrimac Shores site, James River, 28 September 1997.
Blue Hermit
0
Spider
0
Mud
43
Crab Crangon Palaemonetes Hippolyte Fish Crab Crab Crab Total
SI 4 3 3 0 1 1 0 0 12
IM a 1,1 1 5 0 0 1 2 0 1 10
1Mb 1,5 11 3 6 0 2 1 2 1 26
lM c 3,1 1 3 1 0 0 6 0 0 11
lMd.5,5 3 4 0 0 1 3 2 0 13
IMe 3,3 6 6 3 0 2 6 1 5 29
lM f 4,2 5 3 6 0 0 1 0 0 15
lMg 2,4 5 7 3 0 2 5 2 4 28
IMh 4,4 5 5 2 0 3 5 1 2 23
lL a 5,1 4 4 6 0 0 5 1 1 21
lLb 10,2 6 7 9 0 2 1 0 1 26
ILc 1,9 8 0 5 0 1 0 0 1 15
ILd 10,10 7 5 5 0 2 5 1 0 25
lLe 4,4 2 5 1 0 2 1 1 0 12
ILf 5,5 3 0 2 0 0 1 1 0 7
ILg 7,7 4 6 3 0 2 4 0 0 19
ILh 6,6 7 3 8 0 0 0 0 2 20
2S 1 2 5 0 1 1 0 0 10
2Ma 1,1 4 2 5 0 1 1 0 2 15
2Mb 1,3 1 6 0 0 1 1 0 0 9
2Mc 3,5 5 5 1 0 3 1 1 1 17
2Md 5,5 1 2 1 0 2 0 1 0 7
2Me 2,2 6 2 0 0 3 2 1 0 14
2Mf 4,2 3 2 6 0 0 2 0 0 13
2Mg 3,3 1 5 7 0 0 1 0 1 15
2Mh 4,4 7 5 6 0 1 0 2 1 22
2La 1,7 1 3 0 0 0 1 0 1 6
2Lb 10,6 3 3 14 0 0 1 1 1 23
2Lc 4,10 5 1 2 0 0 3 1 0 12
2Ld 3,1 5 3 5 0 2 3 0 1 19
2Le 6,4 6 6 0 0 0 1 0 5 18
2Lf 6,6 4 7 2 0 2 0 2 2 19
2Lg 5,7 3 2 14 0 1 1 2 3 26
2Lh 5,5 7 4 4 0 2 2 0 0 19
3S 4 4 5 0 2 2 2 1 20
3M al,l 3 1 5 0 1 2 0 0 12
3Mb 5,1 9 12 0 0 0 5 0 0 26
3Mc 1,3 5 5 5 0 2 2 0 1 20
3Md 3,5 6 2 2 0 1 1 1 1 14
3Me 2,2 8 7 1 0 5 9 2 0 32
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3Mf 4,2 6 6 4 0 1 3 0 1 21
3Mg 3,3 11 5 4 0 1 4 0 1 26
3Mh 4,4 6 11 1 0 0 4 1 2 25
3La 5,1 0 3 5 0 0 2 0 0 10
3Lb 10,6 5 8 4 0 3 2 0 0 22
3Lc 1,7 5 1 2 0 0 1 1 0 10
3Ld 6,10 4 6 3 0 1 5 1 4 24
3Le 6,4 5 5 5 0 1 2 0 0 18
3Lf 5,5 4 1 7 0 0 3 0 1 16
3Lg 6,6 5 7 3 0 0 1 0 1 17
3Lh 7,7 4 5 3 0 1 2 0 0 15
Strawberry Banks site, Janies River, 28 September 1997.
Blue Hermit Spider Mud
Crab Crangon Palaemonetes Hippolyte Fish Crab Crab Crab Total
IS 2 8 1 0 0 0 0 1 12
IM a 3,1 1 4 0 0 2 0 0 0 7
1Mb 1,3 1 0 0 0 0 0 0 0 1
lM c 5,3 0 2 1 0 0 0 0 0 3
lM d 1,5 0 1 0 0 0 0 0 0 1
IM e 2,2 6 7 0 0 0 9 1 0 23
lM f 4,2 2 1 0 0 0 0 0 0 3
lMg 3,3 0 0 0 0 0 0 0 0 0
IMh 2,4 1 3 0 0 0 0 0 0 4
lLa 3,1 1 4 0 0 0 1 0 0 6
lLb 9,1 1 1 0 0 0 0 0 1 3
ILc 1,9 1 1 1 0 0 1 0 0 4
ILd 6,10 2 3 0 0 0 0 0 0 5
lLe 5,5 3 4 1 0 2 0 0 0 10
ILf 7,5 1 9 3 0 0 0 0 0 13
ILg 6,6 5 3 0 0 0 1 0 0 9
ILh 5,7 2 4 0 0 0 0 0 0 6
2S 5 9 2 0 1 0 0 0 17
2Ma 1,1 1 0 1 0 0 2 1 0 5
2Mb 5,1 2 2 0 0 0 0 0 0 4
2Mc 1,5 8 4 0 0 1 1 1 0 15
2Md 5,5 0 0 0 0 1 1 0 0 2
2Me 2,2 0 0 3 0 0 2 0 0 5
2Mf 3,3 0 1 1 0 0 0 0 0 2
2Mg 2,4 1 2 1 0 0 1 0 0 5
2Mh 4,4 2 1 1 0 0 0 0 0 4
2La 3,1 1 2 0 0 0 0 0 0 3
2Lb 9,1 4 3 0 0 1 1 0 0 9
2Lc 1,5 1 3 1 0 1 0 0 0 6
2Ld 8,10 2 3 1 0 0 0 0 6
2Le 6,4 1 0 4 0 1 1 0 0 7
2Lf 5,5 0 2 1 0 1 0 0 0 4
2Lg 6,6 0 3 0 0 0 0 0 3
2Lh 7,7 1 8 0 0 1 0 0 1 11
3S 5 5 3 0 1 3 0 0 17
8
6
1
4
6
3
8
3
5
0
1
0
0
0
0
0
3 0 0 0 4 1 0
2 2 0 0 0 1 0
0 0 0 0 1 0
0 0 0 0 3 1 0
1 1 0 0 2 1 1
3 0 0 0 0 0
3 1 1 0 2 1 0
1 1 0 0 0 1 0
0 4 0 0 1 0 0
0 0 0 0 0 0 0
1 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
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SAMPLING PERIOD III
Coast Guard site, York River, 24 October 1997.
Blue Hermit Spider Mud
Crab Crangon Palaemonetes Hippolyte Fish Crab Crab Crab Total
IS 7 4 15 15 2 0 2 8 53
IM a 1,3 8 3 4 35 0 0 0 0 50
1Mb 3,1 4 1 4 3 1 1 1 3 18
lM c 5,1 8 2 3 3 2 0 3 5 26
lM d 5,5 9 2 10 6 0 0 0 4 31
IMe 2,2 5 1 0 4 0 0 0 0 10
lM f 2,4 5 2 0 11 0 0 0 0 18
lMg 3,3 10 0 8 3 2 1 1 2 27
IMh 4,2 9 0 13 3 2 0 3 2 32
lLa 1,5 7 2 3 5 0 0 0 1 18
lLb 9,1 2 1 0 2 0 1 0 0 6
ILc 10,6 11 4 0 12 1 1 1 0 30
ILd 4,10 5 3 2 13 1 0 0 2 26
lLe 6,4 2 1 1 7 1 0 0 1 13
ILf 5,7 4 5 5 5 0 0 0 1 20
ILg 5,5 6 1 0 4 0 0 0 1 12
ILh 6,6 13 1 5 8 1 0 0 0 28
2S 7 3 12 13 1 0 1 1 38
2Ma 1,1 6 3 0 19 1 0 2 1 32
2Mb 5,1 10 5 2 7 0 0 0 0 24
2Mc 5,3 8 6 11 12 0 0 0 1 38
2Md 1,5 9 1 5 16 0 0 1 6 38
2Me 4,2 6 0 6 8 0 0 3 0 23
2Mf 4,4 5 0 3 10 1 0 2 3 24
2Mg 2,4 2 2 2 5 1 0 0 4 16
2Mh 3,3 6 4 3 3 1 0 0 0 17
2La 5,1 12 3 4 36 0 2 3 5 65
2LblO,2 14 5 1 18 0 1 2 0 41
2Lc 10,10 21 3 2 38 1 1 2 12 80
2Ld 1,7 10 1 2 20 1 0 1 6 41
2Le 4,4 9 2 0 14 0 0 1 1 27
2Lf 5,7 10 6 4 29 0 0 0 0 49
2Lg 5,5 7 3 3 15 1 0 0 4 33
2Lh 6,6 6 2 2 11 0 0 0 2 23
3S 6 3 4 26 1 0 1 0 41
3M a3,l 3 2 0 1 0 0 1 0 7
3Mb 5,3 10 3 3 15 0 1 0 0 32
3Mc 3,5 8 1 1 14 0 0 0 0 24
3Md 1,3 5 2 2 21 0 0 0 0 30
3Me 2,2 6 1 0 10 1 1 1 0 20
3Mf 4,2 7 5 0 11 0 0 0 0 23
3Mg 2,4 8 3 0 8 1 0 0 0 20
3Mh 3,3 8 3 2 4 1 0 2 1 21
3La 9,1 17 5 5 0 3 0 1 3 34
3Lb 6,10 6 0 4 1 0 0 1 0 12
106
3Lc 1,3 2 1 0 0 0 2 0 0 5
3Ld 1,9 6 1 0 10 0 0 0 1 18
3Le 7,5 5 2 8 2 1 0 0 0 18
3Lf 7,7 6 2 6 7 0 1 1 3 26
3Lg 5,5 4 3 2 5 0 0 0 0 14
3Lh 6,6 5 3 1 4 1
Merrimac Shores site, James River, 24 October 1997.
Blue
0
Hermit
0
Spider
0
Mud
14
Crab C ra n g o n  P a la e m o n e te s  H ip p o ly te Fish Crab Crab Crab Total
IS 5 0 3 3 2 4 0 0 17
IMa 1,1 5 4 0 1 0 0 0 1 11
1Mb 1,3 2 1 0 2 0 0 1 0 6
lMc 5,1 4 1 2 1 1 3 0 2 14
lMd 3,5 2 0 1 6 2 0 1 5 17
IMe 4,2 1 1 0 7 0 1 0 5 15
lMf 2,4 4 3 6 10 0 3 0 1 27
lMg 4,4 7 1 0 0 1 0 0 1 10
IMh 3,3 3 2 0 0 1 2 0 5 13
lLa 1,1 6 1 4 1 1 1 1 0 15
lLb 9,1 1 1 0 4 1 7 0 0 14
ILc 10,8 2 1 1 3 0 2 0 3 12
ILd 2,10 6 1 13 7 2 1 0 1 31
lLe 6,4 3 0 1 0 1 2 0 0 7
ILf 4,6 2 3 0 7 0 2 0 4 18
ILg 5,5 2 0 0 0 0 2 0 0 4
ILh 6,6 0 1 0 11 2 0 0 2 16
2S 4 2 4 3 1 0 0 2 16
2Ma 3,1 3 2 2 2 1 1 0 2 13
2Mb 5,3 2 3 5 4 0 2 0 4 20
2Mc 5,5 3 2 0 1 1 0 2 0 9
2Md 1,5 3 5 5 1 2 2 0 0 18
2Me 2,2 2 3 0 1 0 2 0 0 8
2Mf 4,2 3 3 0 0 1 1 0 1 9
2Mg 2,4 2 2 1 1 1 2 0 0 9
2Mh 3,3 3 3 1 0 0 1 0 0 8
2La 5,1 3 3 0 2 1 2 0 1 12
2Lb 10,4 4 4 1 4 . 1 3 0 1 18
2Lc 8,10 6 3 5 12 1 2 1 2 32
2Ld 1,5 2 1 1 1 1 1 0 1 8
2Le 7,5 6 2 1 4 2 2 0 2 19
2Lf 4,6 3 3 1 1 0 4 0 2 14
2Lg 5,5 4 0 4 0 1 5 0 4 18
2Lh 6,6 2 1 0 0 1 2 0 2 8
3S 5 1 7 5 0 1 0 3 22
3Ma 1,1 5 4 4 11 0 1 0 7 32
3Mb 5,1 4 4 2 7 1 1 0 2 21
3Mc 3,5 5 1 2 6 1 3 0 4 22
3Md 1,3 5 3 2 6 0 5 0 1 22
3Me 2,2 5 2 3 6 2 1 0 2 21
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3Mf 4,2 5 1 3 8 2 1 0 1 21
3Mg 4,4 3 2 2 4 1 2 0 3 17
3Mh 3,3 4 0 4 16 1 1 0 1 27
3La 5,1 3 1 2 5 1 2 0 2 16
3Lb 10,2 4 1 6 14 1 2 0 3 31
3Lc 6,10 5 3 0 3 0 1 1 3 16
3Ld 1,7 1 3 2 5 1 0 0 0 12
3Le 4,4 3 2 4 9 2 2 1 0 23
3Lf 5,5 5 2 1 6 1 2 0 4 21
3Lg 6,6 3 2 0 5 1 2 0 2 15
3Lh 7,7 4 4 1 3 1
Strawberry Banks site, Janies River, 24 October 1997.
Blue
3
Hermit
0
Spider
2
Mud
18
Crab C ra n g o n  P a la e m o n e te s  H ip p o ly te Fish Crab Crab Crab Total
IS 5 1 0 1 3 1 0 2 13
lMal,l 3 4 0 1 0 0 1 0 9
1Mb 5,1 3 1 0 0 0 0 0 0 4
lMc 5,3 4 1 0 0 0 1 1 0 7
lMd 1,5 4 3 0 0 0 0 0 0 7
IMe 2,2 4 0 0 0 0 0 0 0 4
lMf 2,4 4 1 0 0 0 0 0 0 5
lMg 4,4 5 1 0 0 0 0 0 0 6
IMh 3,3 4 0 0 0 0 0 0 0 4
lLa 3,1 2 0 0 1 1 2 0 0 6
lLb 10,6 6 3 0 1 1 2 0 0 13
ILc 4,10 7 5 1 1 0 0 0 0 14
ILd 1,7 3 2 0 2 1 1 0 0 9
lLe 6,4 6 2 0 3 0 1 0 0 12
ILf 4,6 2 3 1 0 0 0 0 0 6
ILg 5,5 1 2 0 0 0 1 0 0 4
ILh 6,6 7 1 0 0 5 0 5 4 22
2S 4 2 0 0 0 0 0 0 6
2Ma 3.1 2 1 0 0 0 0 0 0 3
2Mb 5,3 3 2 0 0 0 0 0 0 5
2Mc 5,5 9 3 1 0 1 0 0 0 14
2Md 1,3 1 2 0 2 0 1 0 0 6
2Me 4,2 2 0 0 0 0 0 1 0 3
2Mf 4,4 1 1 3 0 0 0 0 1 6
2Mg 2,4 1 2 0 0 0 0 0 0 3
2Mh 3,3 0 1 0 1 0 0 0 0 2
2La 3,1 4 1 0 0 0 0 0 2 7
2Lb 9,1 3 1 0 0 1 0 0 0 5
2Lc 6,10 2 2 0 0 0 0 0 0 4
2Ld 1,5 5 4 0 0 0 1 0 1 11
2Le 5,7 3 2 0 2 0 0 0 0 7
2Lf 4,4 3 3 2 0 2 0 0 2 12
2Lg 5,5 4 2 0 0 0 2 0 0 8
2Lh 6,6 5 1 0 2 0 1 0 1 10
3S 4 4 0 0 0 0 1 0 9
3Ma 3,1 1 1 0 0 0 0 0 0
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3Mb 5,5 0 0 0 0 0 0 0 0 0
3Mc 1,5 1 1 5 3 0 1 0 2 13
3Md 1,3 1 1 5 4 0 0 0 2 13
3Me 4,2 0 0 0 0 0 0 0 0 0
3Mf 2,2 2 0 0 1 0 1 0 0 4
3Mg 3,3 3 0 0 0 0 1 0 0 4
3Mh 4,4 5 0 0 3 0 0 0 0 8
3La 1,1 2 1 0 0 0 0 0 0 3
3Lb 10,4 4 1 0 0 0 1 0 0 6
3Lc 10,10 6 0 0 0 0 0 0 0 6
3Ld 8,1 10 4 0 5 0 1 0 0 20
3Le 6,4 2 3 0 0 0 0 0 0 5
3Lf 5,5 1 1 0 2 0 1 0 0 5
3Lg 6,6 1 2 0 3 0 0 0 0 6
3Lh 7,7 5 0 0 0 0 0 0 1 6
Goodwin Islands site, York River, 24 October 1997.
Blue Hermit Spider Mud
Crab Crangon Palaemonetes Hippolyte Fish Crab Crab Crab Total
E l 3 1 4 2 1 0 0 0 11
E2 2 4 1 0 1 0 0 0 8
E3 3 1 9 5 0 0 0 0 18
E4 3 3 2 0 1 0 0 0 9
C l 5 2 1 1 0 1 0 0 10
C2 2 3 6 0 0 1 0 0 12
C3 2 2 0 0 3 0 0 0 7
C4 1 0 0 4 1 1 0 1 8
Veteran’s Administration site, James River, 24 October 1997.
Blue Hermit Spider Mud
Crab Crangon Palaemonetes Hippolyte Fish Crab Crab Crab Total
E l 11 3 2 4 0 1 0 2 23
E2 7 2 0 3 0 0 0 0 12
E3 3 0 1 1 2 1 0 0 8
E4 7 3 0 2 1 0 0 0 13
C l 5 4 1 3 1 0 0 0 14
C2 4 1 0 4 0 0 0 0 9
C3 4 2 0 1 1 0 0 0 8
C4 3 6 0 3 1 0 0 0 13
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SAMPLING PERIOD IV
Coast Guard site, York River, 12 November 1997.
Blue
Crab Crangon Palaemonetes Hippolyte Fish
Hermit
Crab
Spider
Crab
Mud
Crab Total
IS 8 3 7 22 2 0 1 8 51
IM a 1,3 4 2 5 25 0 0 0 7 43
1Mb 1,5 4 2 6 26 0 0 1 13 52
lM c 2,2 4 4 14 19 1 1 0 1 44
lM d 2,4 4 3 2 16 0 1 0 1 27
IM e 3,3 1 0 1 19 0 0 0 0 21
lM f 4,2 1 3 3 8 0 0 0 1 16
lM g 5,1 3 1 3 9 0 0 0 0 16
IMh 5,5 8 0 12 16 2 1 2 3 44
lLa 1,3 3 5 2 26 0 0 1 0 37
lLb 5,5 8 1 1 13 0 0 0 2 25
ILc 5,7 7 2 0 21 0 0 1 0 31
ILd 6,4 6 2 0 8 1 0 1 0 18
lLe 6,6 5 0 0 6 1 0 0 0 12
ILf 6,10 5 1 3 44 0 1 3 2 59
ILg 9,1 2 0 0 13 0 1 0 0 16
ILh 10,6 6 3 5 25 0 0 2 0 41
2S 2 2 1 9 1 0 0 1 16
2Ma 1,1 3 4 0 11 0 0 2 1 21
2Mb 1,5 6 3 7 15 1 1 2 1 36
2Mc 2,2 5 2 1 21 0 0 1 3 33
2Md 3,3 2 3 0 8 1 0 0 0 14
2Me 3,5 1 3 0 19 1 1 3 3 31
2Mf 4,2 3 1 2 14 0 0 1 0 21
2Mg 4,4 2 2 3 5 0 0 0 4 16
2Mh 5,1 5 0 3 5 1 0 1 3 18
2La 1,3 8 1 3 10 1 0 2 2 27
2Lb 2,10 7 6 0 18 1 0 4 2 38
2Lc 4,6 5 1 1 16 0 0 0 2 25
2Ld 5,1 7 0 3 26 1 0 2 3 42
2Le 5,5 1 2 0 10 0 0 0 2 15
2Lf 6,6 4 0 2 11 0 0 2 4 23
2Lg 7,7 6 5 1 4 0 0 0 0 16
2Lh 10,4 5 1 2 14 0 0 0 1 23
3S 3 8 12 26 2 1 1 5 58
3Ma 1,1 7 0 2 16 0 0 1 3 29
3Mb 1,3 6 1 2 11 1 0 0 3 24
3Mc 2,4 3 2 0 12 1 0 2 5 25
3Md 3,3 3 1 4 17 1 0 0 1 27
3Me 3,5 4 2 1 21 0 0 0 2 30
3Mf 4,2 5 2 1 5 1 1 1 1 17
3Mg 4,4 2 1 0 9 1 0 1 0 14
3Mh 5,1 3 1 1 4 0 0 0 1 10
3La 1,5 3 0 3 18 0 1 0 1 26
3Lb 1,9 2 2 1 6 0 1 0 0 12
3Lc 5,5 0 2 0 0 0 0 0 0
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3Ld 5,7 5 2 7 9 0 0 0 3 26
3Le 6,4 2 2 0 8 0 0 1 0 13
3Lf 6,6 6 3 0 16 1 1 0 0 27
3Lg 10,2 5 1 6 26 0 0 1 3 42
3Lh 10,10 2 1 5 32 1 0 0 7 48
Merrimac Shores site, James River, 12 November 1997.
Blue
Crab Crangon Palaemonetes Hippolyte Fish
Hermit
Crab
Spider
Crab
Mud
Crab Total
IS 3 2 7 9 0 1 0 0 22
IM a 1,3 2 0 5 18 1 1 0 7 34
1Mb 2,2 4 1 7 5 1 0 0 5 23
lM c 3,3 6 0 4 4 1 0 0 1 16
lM d 3,5 3 2 3 8 1 1 0 4 22
IM e 4,2 2 0 4 14 1 0 5 28
lM f 4,4 7 0 2 0 1 1 1 4 16
lM g 5,1 6 0 2 1 1 0 0 0 10
IMh 5,5 5 1 4 1 0 3 10 24
lLa 1,5 4 1 6 4 1 0 0 2 18
lLb 4,6 3 0 4 1 1 2 0 1 12
ILc 4,10 3 2 11 30 2 2 1 3 54
ILd 5,5 1 0 0 2 0 2 0 0 5
lLe 6,4 3 1 1 5 0 0 0 1 11
ILf 6,6 6 0 13 48 2 0 0 8 77
ILg 7,1 2 0 3 0 0 2 0 1 8
ILh 10,4 1 1 3 40 1 0 0 4 50
2S 3 0 2 2 0 1 0 1 9
2Ma 1,5 2 2 6 8 0 0 0 1 19
2Mb 2,2 6 1 2 9 1 3 1 2 25
2Mc 2,4 2 1 0 7 1 0 0 1 12
2Md 3,1 1 2 1 7 0 1 0 2 14
2Me 3,3 1 0 0 3 0 1 0 0 5
2Mf 4,4 2 0 9 2 0 0 0 0 13
2Mg 5,1 6 0 16 16 2 1 0 2 43
2Mh 5,5 0 0 1 1 0 2 0 1 5
2La 1,3 4 3 0 2 0 1 0 0 10
2Lb 2,10 5 3 0 9 0 0 2 2 21
2Lc 4,4 4 0 1 6 1 1 0 0 13
2Ld 5,5 4 2 0 0 0 0 0 0 6
2Le 6,6 5 0 2 1 0 1 0 0 9
2Lf 7,7 3 1 0 1 0 0 0 0 5
2Lg 9,1 4 2 2 5 0 0 2 0 15
2Lh 10,10 2 1 7 58 0 0 0 3 71
3S 1 0 1 0 0 1 1 0 4
3Ma 1,3 1 1 0 20 0 2 1 2 27
3Mb 2,2 2 1 0 5 1 1 1 0 11
3Mc 2,4 7 3 5 2 0 0 0 2 19
3Md 3,1 3 0 0 3 0 2 0 1 9
3Me 3,3 6 1 4 4 0 0 0 0 15
I l l
3Mf 3,5 4 1 4 9 0 1 0 5 24
3Mg 4,2 0 1 3 5 0 1 0 1 11
3Mh 5,3 4 2 2 3 1 2 1 1 16
3La 1,1 3 3 1 4 2 2 0 0 15
3Lb 5,5 1 2 1 9 0 0 0 1 14
3Lc 5,7 1 1 1 15 0 0 0 0 18
3Ld 6,4 3 0 0 3 0 1 0 0 7
3Le 6,6 1 0 1 1 0 0 0 0 3
3Lf 6,10 2 4 10 8 1 1 0 3 29
3Lg 7,1 5 2 1 7 0 1 0 0 16
3Lh 10,6 2 2 3 5 0 0 0 2 14
Strawberry Banks site, James River, 12 November 1997.
Blue Hermit Spider Mud
Crab Crangon Palaemonetes Hippolyte Fish Crab Crab Crab Total
IS 2 1 1 0 0 1 0 1 6
IM a 1,1 1 3 2 0 0 1 0 1 8
1Mb 1,3 1 1 1 0 0 0 0 0 3
lM c 2,4 1 0 0 0 0 0 0 0 1
lM d 3,3 2 0 0 1 0 0 0 0 3
IM e 3,5 3 1 0 1 2 0 0 0 7
lM f 4,2 3 1 0 0 0 0 0 0 4
lM g 4,4 3 2 0 1 0 0 0 1 7
IMh 5,1 1 0 1 0 0 1 0 1 4
lL a 1,3 2 1 0 0 0 0 0 0 3
lLb 2,10 1 1 0 1 1 0 0 1 5
ILc 4,6 1 2 0 0 0 0 0 0 3
ILd 5,5 6 3 0 1 0 0 0 2 12
lLe 6,6 3 0 1 1 2 1 0 0 8
ILf 7,5 3 2 1 0 0 0 0 0 6
ILg 10,2 2 1 0 0 1 1 0 0 5
ILh 10,8 3 0 0 0 0 1 0 0 4
2S 1 1 1 1 0 1 1 0 6
2Ma 1,1 2 1 0 0 0 0 0 0 3
2Mb 1,5 1 1 0 0 0 0 0 0 2
2Mc 2,2 1 1 0 0 0 0 0 0 2
2Md 2,4 1 0 0 1 2 0 0 0 4
2Me 3,3 2 1 0 0 0 1 0 1 5
2Mf 4,2 2 1 0 0 0 1 0 1 5
2Mg 5,1 0 1 0 0 0 1 0 0 2
2Mh 5,3 0 1 0 0 0 0 0 0 1
2La 1,1 3 1 3 0 0 0 2 1 10
2Lb 4,4 2 2 1 0 2 0 0 0 7
2Lc 4,10 4 4 0 4 1 1 0 2 16
2Ld 5,5 2 1 0 0 0 1 0 0 4
2Le 5,7 2 2 1 0 1 0 0 1 7
2Lf 6,6 2 2 0 3 0 1 0 1 9
2Lg 10,4 5 1 0 2 0 2 0 0 10
2Lh 10,10 1 2 0 1 0 2 0 0 6
3S 4 1 0 0 0 0 1 0 6
3Ma 1,1 0 0 0 1 0 1 0 0
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3Mb 1,5 0 1 0 0 0 2 0 0 3
3Mc 2,2 1 0 1 0 0 1 0 0 3
3Md 3,3 1 0 0 0 0 0 0 0 1
3Me 4,2 1 1 0 0 0 0 0 0 2
3Mf 4,4 0 2 0 0 0 0 0 0 2
3Mg 5,1 1 0 0 0 0 1 0 0 2
3Mh 5,5 2 0 0 0 0 0 0 0 2
3La 1,7 0 3 0 0 0 2 0 0 5
3Lb 4,6 0 0 0 0 0 0 0 0 0
3Lc 5,5 2 0 0 0 1 0 2 0 5
3Ld 6,4 3 1 1 1 0 0 0 0 6
3Le 6,6 4 0 0 0 0 0 0 0 4
3Lf 6,10 3 1 0 0 0 0 0 0 4
3Lg 7,1 1 3 1 0 0 0 0 0 5
3Lh 10,4 2 0 0 0 0 0 0 0 2
Goodwin Islands site, York River, 12 November 1997.
Blue Hermit Spider Mud
Crab Crangon Palaemonetes Hippolyte Fish Crab Crab Crab Total
E l 2 1 0 7 0 0 0 0 10
E2 1 1 1 0 0 0 0 0 3
E3 3 3 8 20 1 0 0 6 41
E4 0 1 0 8 0 1 0 3 13
Cl 0 1 1 8 0 0 0 0 10
C2 1 0 1 0 0 0 0 0 2
C3 3 2 0 3 0 0 0 0 8
C4 0 1 0 2 0 0 0 0 3
Veteran’s Administration site, James River, 12 November 1997.
Blue Hermit Spider Mud
Crab Crangon Palaemonetes Hippolyte Fish Crab Crab Crab Total
E l 5 2 0 1 0 0 0 0 8
E2 5 1 5 9 0 0 0 0 20
E3 0 0 1 0 0 0 1 0 2
E4 0 1 0 0 2 0 0 0 3
Cl 6 1 2 4 0 0 0 0 13
C2 1 2 0 0 0 0 0 0 3
C3 2 3 23 25 1 0 0 0 54
C4 2 0 34 25 0 0 0 0 61
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APPENDIX II
Raw seagrass standing crop data. Percent covers from medium plots are means of five 
observations, and those from large plots are means of 10 observations. All shoot counts 
are the average of three measurements.
York River
SUMMER 1997
James River 1 James River 2
% Cover Shoot Count % Cover Shoot Count % Cover Shoot Count
Small 1 12.5 46.3 17.2 47.7 15.6 23.3
Small 2 22.5 51.3 23.6 32.3 11.1 31.7
Small 3 15.0 25.0 16.6 35.0 10.0 21.7
Medium 1 20.1 47.3 20.9 33.8 11.9 27.6
Medium 2 18.1 48.1 17.9 23.0 11.8 28.6
Medium 3 20.6 34.7 10.0 24.2 6.6 18.2
Large 1 18.6 38.7 16.8 35.5 19.5 24.3
Large 2 19.6 32.3 20.5 32.2 7.3 29.2
Large 3 13.8 41.1 13.8 27.8 13.8 20.4
York River
FALL 1997
James River 1 James River 2
% Cover Shoot Count % Cover Shoot Count % Cover Shoot Count
Small 1 14.7 24.0 14.4 14.0 9.8 15.7
Small 2 10.0 18.0 8.8 16.7 3.0 5.7
Small 3
°o 
oo 20.0 11.6 17.3 4.4 8.3
Medium 1 9.1 23.1 10.4 17.7 * *
Medium 2 10.3 19.1 10.9 21.1 2.7 9.4
Medium 3 7.2 14.7 48.7 18.1 4.2 3.7
Large 1 8.2 20.3 11.6 16.2 6.3 11.4
Large 2 7.7 19.8 10.4 16.3 6.9 12.5
Large 3 8.5 18.2 10.1 14.9 5.4 6.3
* indicates quadrat not sampled
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